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Summary 
One of the widely promoted benefits of saltland pastures is the provision of out of season 
feed and grazing during the autumn period. However, there is a lack of information on 
pasture production, livestock production, economics and practical examples of how saltbush 
areas can be integrated in with the rest of the farming operation. An opportunity arose 
through South West Catchment Council (SWCC) funding to measure these parameters on 
an established area of ‘direct seeded saltbush and understorey’ on ‘Miripin’, run by Gradyn 
and Jenny Wilcox in the Beaufort Flats region of west Woodanilling. During the trial  
(2007–2009) livestock production was also measured on an ‘unimproved dry pasture’ and an 
area planted with Eyres Green saltbush seedlings at a low density (‘saltbush only’). 
The background site characterisation confirmed a high variation in soil salinity, shallow-deep 
sandy duplex soil types across the site and a rising watertable. Measurements of the dry 
matter production (shrub and understorey) showed that the ‘direct seeded saltbush and 
understorey’ produced three times more dry matter than the ‘unimproved dry pasture’ in 2008 
and four times more dry matter than the ‘saltbush only’ treatment in 2009. Dry matter was 
strongly influenced by the saltbush density and partially influenced by soil salinity. Analytical 
work on the saltbush leaf samples revealed high levels of minerals in the saltbush, 
supporting the need for saltbush to be part of a mixed ration of feed available to livestock. In 
terms of livestock production, two year old merino wethers achieved maintenance of their 
liveweight and condition from March-June 2008. Wether weaners showed slight gain in 
weight (+ 2.5 kg average) and condition (+ 0.1) during February-May 2009. Additional 
supplementary feed was provided at the discretion of the host farmer. 
The establishment costs (excluding fencing and water infrastructure) were $522/ha for the 
‘direct seeded saltbush and understorey’ and $307/ha for the ‘saltbush only treatment. An 
analysis using a ‘discounted cashflow investment framework’ revealed that that the 
establishment costs on the ‘direct seeded saltbush and understorey’ would be recovered 
after 12 years compared to six years for the ‘saltbush only’. This analysis ignored the other 
benefits such as protein, minerals, vitamin E, reduced supplementary feeding and deferment 
of annual pastures. A whole-farm economic modelling exercise would be useful to help 
quantify some of the other benefits of saltbush. The integration of the saltbush into the 
farming operation has gradually been fine-tuned from 2007–2009 and is an ongoing process 
as more saltbush and perennials are planted. 
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1. Introduction 
1.1 Background 
Some funding available through the South West Catchment Council (SWCC) presented an 
opportunity to record livestock production off an established saltland pasture. Whilst other 
sites funded by SWCC were focusing on issues such as establishment and trying different 
perennial mixes, it was recognised that there was a need for documented livestock 
performance data to assist in the ongoing adoption of saltland pastures. The host farmer had 
purchased a farm in 2003 which had a 120 ha site ranging from fresh areas to severely salt 
affected areas. In its unimproved state the previous owner used to run 400 wethers in 
summer for a few months. Based on other trial work conducted by the ‘Beaufort Flats 
Pasture Improvement Group’ (chaired by Graydn Wilcox) the potential for improvement was 
recognised. This presented an ideal opportunity to implement a grazing trial. Whilst the 
livestock and pasture production on the site was measured independently of the whole farm 
as a ‘partial study’, the trial presented an ideal learning opportunity for the host farmer to 
fine-tune the management of the saltland pasture and livestock and fit it into his farm system 
in an optimal manner. 
The 120 ha site is located on the Robinson Road, approximately 15 km west of the Great 
Southern Highway in the Beaufort Flats Region. The site is immediately east of Resche Road 
and south-east of ‘Kidney swamp’. 
1.2 Establishment 
In 2004 the dead trees were pushed up and burnt and an electromagnetic survey (EM31 and 
EM38) was conducted to measure the range in soil salinity across the site. Site preparation 
of the initial 20 ha ‘direct seeded saltbush and understorey’ site commenced in September 
2005 with an application of 1.5 L/ha of glyphosate and 100 mL/ha of insecticide followed by 
two passes of a full cut cultivation. In October 2005 the site was seeded to the evergreen mix 
(2.5 kg/ha), tall wheat grass (2.5 kg/ha) and kikuyu (40 g/ha). Saltbush was also direct 
seeded over the 20 ha site in a six row configuration with a 5–6 m gap for access. 
Approximately 250 g/km of wavy leaf, river and old man saltbush were sown using a kimseed 
saltland seeder. Based on the saltbush density this worked out to approximately 1 kg/ha of 
saltbush seed. Additionally, golden wreath wattle (Acacia saligna) was trickled out separately 
to the saltbush. Insecticide was applied following seeding in November 2005. An application 
of Super Potash 3:1 was applied in March 2006 with a mixture of annual legumes and 
grasses (BallSalina Mix from Ballard Seeds).  
The existing soak was deemed unsuitable for a large mob of sheep during summer and 
autumn so a production bore was installed on the site. Existing piezometers revealed the 
water at 25 m deep was suitable for livestock (511 mS/m). A 16 m production bore was 
installed in February 2007 by Total Eden, Albany. It was cased with 100 mm stormwater pipe 
attached to a 3 m long stainless steel sieve. Based on tests, the bore was expected to yield 
11 500 L/day of water with a salinity of 500 mS/m and pH of 6.5. A solar pump was fitted to 
the bore in March 2008 with a tracking solar panel to follow the sun. It was set up to pump 
water into two 23 000 L nearby tanks from which water will reticulate out to the troughs 
across the site. To minimise costs, the troughs were set up so each trough serviced two 
paddocks and flexible fire hose was used to ensure the troughs could be swapped between 
paddocks. 
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In March 2008 prior to grazing, the 20 ha site was fenced into four grazing paddocks, each 
5 ha in size (paddocks 1–4, Figure 1.1) and the adjacent ‘unimproved’ 13 ha paddock was 
also fenced to act as a ‘unimproved dry pasture’ benchmark for the 2008 grazing 
(paddock 5). The cover on paddock 5 ranged from barley grass to puccinellia. Low-cost 
fencing was pursued to reduce the infrastructure costs and consisted of four plain wires 
attached to star pickets 10 m apart with three ‘cold’ wires and one ‘hot’ wire. 
In September 2008, following the autumn grazing as an ‘unimproved dry pasture’, paddock 5 
(13.4 ha) and an adjacent 33.4 ha (paddock 6 and 7) were planted to Eyres Green old man 
saltbush seedlings. Narrow strips were sprayed with 1.5 L/ha of glyphosate using the centre 
section of a boom spray and a high mound was constructed using multiple passes of a 
mounder. The Eyres Green saltbush was planted in a configuration of approximately 
4 m x 4 m, giving a density of approximately 420 stems/ha. In March 2009, the adjacent 
10 ha paddock also planted was fenced to become paddock 6. The cover on paddock 6 
ranged from patchy barley grass and samphire to bare scald (Figure 1.1). An additional 
paddock 7 was also created in May/June 2009 but was not grazed. Paddock 7 was quite 
highly salt affected and the cover ranged from samphire to bare scald and the saltbushes 
were visibly smaller than the saltbush on paddock 5 and 6. Further establishment of saltbush 
and perennials across the rest of the 120 ha site (paddocks 8–10) will take place in  
2009–2010 and the details of the ongoing work across the site are summarised in Table 1.1. 
An aerial photo of the entire 120 ha sites and paddocks 1–10 is shown in Figure 1.2. 
 
Figure 1.1 Photo of monitoring point 6B taken in paddock 6 prior to  
grazing on 28 July 2009. 
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Table 1.1 Summary of details of treated areas across the whole 120 ha saltland site which is  
being established to saltland pastures 
Paddock 
number Treatment 
Year of 
est. Size (ha) 
1 Direct seeded saltbush and understorey 2005 5 
2 Direct seeded saltbush and understorey 2005 5 
3 Direct seeded saltbush and understorey 2005 5 
4 Direct seeded saltbush and understorey 2005 5 
5 ‘Unimproved’ – ’08; Eyres Green saltbush – ‘09 2008 13.4 
6 Eyres Green old man saltbush 2008 10 
7 Eyres Green old man saltbush 2008 23.4 
8 West – TWG/kikuyu/strawberry clover 
East – puccinellia 
2009 10.9 
9 Direct seeded saltbush and understorey 2010 19.6 
10 TWG and puccinellia 2010 13.3 
 
Figure 1.2 Aerial photo of the 120 ha site being planted to saltbush and perennials  
between 2005–2010. Paddocks 1–6 only were used for trial purposes in this study. 
1.3 Methodology 
Prior to grazing in each of the paddocks, three monitoring points were established along a 
transect selected to ensure all species were represented. Soil salinity was measured using 
an EM38 and a soil sample from 0–10 cm was taken to do an EC1:5 salinity measurement. 
The EC1:5 measurement was converted to ECe (soil salinity of an extract from a saturated 
paste) according to the equation in Moore (2001). Five dry matter (DM) cuts of the 
understorey and a composition assessment were taken at random locations around each of 
the three monitoring points using a 0.25 m2 quadrat and electric clippers. The mean of the 
15 cuts and standard error was calculated. 
Pasture and livestock production from saltland pastures 
4 
In 2008, the saltbush biomass (kg DM/ha) was measured by performing a destructive sample 
on three saltbushes of each species present (river, old man and wavy leaf saltbush) ranging 
from small to large saltbushes. An average dry matter was then determined from the three 
saltbushes that were sampled. Leaf and fine stem (< 2 mm) was removed, dried in an oven 
at 60°C for three days and then weighed. The kg DM/ha was then calculated based on the 
density of each species of saltbush in the paddock. In 2009 a less-intensive technique was 
sought due to less labour and casual support available so the Adelaide technique was used 
(Andrew et al. 1979). A random ‘sample’ branch from each species comprising 1/4 to 1/6 of 
the total shrub volume was selected. The sample branch was then used to estimate how 
many times the ‘module branch’ was in the canopy of approximately 20 randomly selected 
shrubs. The ‘module branch’ was then stripped of leaf and fine stem < 2 mm, which was then 
dried at 60°C for three days and then weighed. The DM/shrub was calculated for each 
species and scaled up to kg DM/ha based on the density of each species.  
Samples of each saltbush species were submitted to the WA Chemistry Centre for analysis 
of mineral nutrition and feed quality. Due to limitations in the methodology, dry matter 
digestibility (DMD) and metabolisable energey (ME) were not determined for saltbushes. A 
photo of the saltbush and understorey was taken at each monitoring point prior to grazing.  
Animal ethics committee approval was gained for the trial and grazing commenced on 
24 March 2008. Two year old merino wethers were used for the trial. Paddock 5 (unimproved 
dry pasture) was set stocked at the average district stocking rate (8 DSE/ha) and paddocks 
1–4 were rotationally grazed with an initial stocking rate of 30 DSE/ha. After consultation with 
other scientists and producers, it was decided that paddocks 1–4 would be grazed down to 
20 per cent of the original biomass and then the sheep would be moved to the next paddock. 
This was determined visually using photos. A photo of monitoring point 3A in paddock 3 prior 
to grazing when the sheep were put on to the paddock on 26 May 2008 is shown in 
Figure 1.3 and a photo of the same point when the sheep were moved off on 5 June is 
shown in Figure 1.4. 
 
Figure 1.3 Photo of 3A prior to sheep going onto the paddock on 26 May 2008. 
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Figure 1.4 Photo of 3A when sheep were removed from the paddock on 5 June 2008. 
A random subsample of 30 sheep on the ‘unimproved dry pasture’ (paddock 5) and the 
‘direct seeded saltbush and understorey’ treatments (paddocks 1–4) were drafted, separately 
tagged, weighed and condition scored. A consistent approach was used of weighing the 
tagged sheep approximately two–three hours after they had been brought into the yards. 
These measurements took place either every two–three weeks or whenever the sheep on 
the ‘direct seeded saltbush and understorey’ were moved to a new paddock. From the 
27 April to 14 May 2008 the wethers were removed from the trial for shearing. The wethers 
were re-stocked on the ‘direct seeded saltbush and understorey’ treatment at 50 DSE/ha as 
they were consuming the understorey and not eating the saltbush and after consultation with 
other producers and scientists a higher stocking rate was deemed necessary. Retrospective 
approval was obtained from the Animal ethics committee. The sheep were removed from the 
trial on 16 June 2008. 
Grazing commenced in 2009 on 25 February. Wether weaners which had come off stubbles 
were used as there were no two year old (or older) wethers available. Cull ewes (two–four 
years old) were also run with the wether weaners to help increase numbers to the required 
stocking rate. It was decided to graze paddock 4 first in 2009 as it had a higher proportion of 
non-saline species such as wattle and tall wheat grass and the sheep could get a gradual 
introduction to the saltbush. It was thought that the abrupt introduction to the 
saltbush-dominant pasture in paddock 1 during 2008 was a factor in the sheep taking so long 
to learn to eat the saltbush. Additionally, some pet sheep which were used to eating saltbush 
were put in with the wether weaners to help them make a quicker behavioural adjustment to 
eating the saltbush.  
Paddock 4 in the ‘direct seeded saltbush and understorey’ treatment was stocked at 
50 DSE/ha and the sheep were moved onto paddocks 3, 2 and 1 when the pasture had been 
grazed down to 20 per cent of the original dry matter. Due to a limited availability of sheep to 
put onto the trial, the ‘saltbush only’ treatment in paddock 5 was stocked initially at 
25 DSE/ha up to 31 March and then at 37 DSE/ha up to 29 April when the sheep were 
removed from the ‘saltbush only’ treatment. The host farmer was able to source extra sheep  
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and these were added to the ‘saltbush only’ treatment when the sheep were moved to 
paddock 6 on 31 March. The sheep were moved when approximately 20 per cent of the 
original dry matter was left.  
Due to the unavailability of labour and the requirement to reduce the workload due to lower 
resources available, a randomly selected subsample of 25 ewes and 25 wether weaners in 
each treatment were weighed and condition scored at the beginning of the trial on 
25 February 2009 and at the end of the trial on the 10 May 2009. The sheep on the ‘saltbush 
only’ treatment in paddock 6 had to be removed on the 29 April 2009 as there was no leaf left 
on the saltbush and they were held in a nearby dry pasture until they were weighed on 
10 May. All the weaners were then removed from the trial and shorn. The ewes that had 
been culled were put on paddock 1 to graze the remaining saltbush from 10 May till 14 June 
2009.  
Supplementary feeding was provided to the sheep on all the treatments at the discretion of 
the host farmer. The original maintenance ration the sheep had previously been given whilst 
on stubbles was gradually reduced back to a lower ration. This comprised oats ‘trail fed’ in 
2008 and the provision of 850 kg bales of oaten hay in 2009. The rate of oats fed in 2008 
typically varied from 250 to 400 g/head/day on the ‘unimproved dry pasture’ and ‘direct 
seeded saltbush and understorey’ from the 24 March 2008 to the 29 May 2008. Extra 
supplement was provided to the sheep on the ‘unimproved dry pasture’ in 2008 to 
compensate for less dry matter available compared to the sheep on the ‘direct seeded 
saltbush and understorey’ treatment. Towards the end of the trial from the 29 May to 16 June 
2008 no supplement was provided to the sheep on the ‘direct seeded saltbush and 
understorey’ treatment as there was a high proportion of non-saline species such as tall 
wheat grass and Rhodes grass in the understorey. However, 1000 g/head/day of oats was 
provided to the sheep on the ‘unimproved dry pasture’ during this period as the paddock feed 
had been entirely consumed. In 2009 ‘oaten hay’ was the chosen supplement to reduce the 
expense associated with feeding oats. The 850 kg bales were discretionary fed by the host 
farmer with extra supplement over the course of the trial provided to the sheep on the 
‘saltbush only’ treatment  
1.4 Analysis 
As the site was only used for demonstration purposes, basic statistical techniques were 
used. Mean values were calculated and the standard error associated with the mean values 
for the pasture and livestock data were calculated to determine how much variability we 
would expect to see in the mean of the sample. Standard error is useful to determine how 
much variability the sample mean will display in its sampling distribution, where repeated 
samples are taken from the same population/distribution. Standard error is distinct from 
standard deviation, which measures how much variability there is in the individual sample 
values. 
2. Site characterisation 
2.1 Salinity 
The soil salinity of the surface (0–0.5 m) as measured with an EM38 varied across the 
120 ha site from 0–50 mS/m (‘fresh’) in the north-east and north-west corners of the site to 
over 300 mS/m (‘extreme) in the centre of the site (Figure 2.1). The colour scheme in 
Figure 2.1 was standardised such that each salinity range had its own colour. Salinity 
categories were assigned to each range according to the categories in Table 2.1. 
Pasture and livestock production from saltland pastures 
 
7 
Table 2.1 Assigned ranges (determined from ECa measured with EM 38)  
for each salinity category as developed from Sustainable Grazing on  
Saline Land (SGSL) site characterisation procedures 
Category ECa range (mS/m) 
Fresh 0–  50 
Mild 50–100 
Moderate 100–200 
High 200–300 
Severe 300 + 
The depth to clay across the site varied from 15 to 90 cm and the fresher areas also 
corresponded to areas of deeper sand which allowed for more pronounced leaching of salt 
through the clay.  
 
Figure 2.1 Standardised EM38 contour map of the soil salinity in the 0–0.5 m range. 
The deeper soil salinity (6 m) that was measured using an EM31 varied in a similar pattern to 
the EM38 from 40 mS/m to 280 mS/m (Figure 2.2). However caution must be exercised in 
comparing it to the EM38 map as it has a non-standardised scale and the colour scheme 
used does not correspond to each salinity category. The EM38 map however does reveal 
there tends to be a greater proportion of ‘high’ to ‘extreme’ salinity than the EM31 map 
suggesting that the majority of salinity is concentrated at the surface. 
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Figure 2.2 Non-standardised EM31 contour map of the soil salinity in the 0–6 m range. 
The high variation shown in the EM38 and EM31 maps was mirrored in the surface soil  
(0–10 cm) soil salinity (ECe). Surface salinity ranged from around 6000 mS/m (extreme) at 
monitoring points in paddocks 1, 6 and 7 down to 800 or less (slight-moderate) in paddock 4 
(Table 2.2). This large spatial variation in salinity across the 120 ha site is typical of saline 
areas and the host farmer has appropriately fenced the saline areas separately from the 
fresh areas to manage the areas independently. 
Soil pH (CaCl2) across the site varied from 4.1 to 7.9 (Table 2.2). The lower soil pH levels 
had a tendency to be in areas showing mild-moderate salinity whilst the higher pH readings 
generally were from more saline areas. Future management should focus on a lime program 
to correct the acidity in paddocks 3 and 4 and raise the soil pH to a minimum of 4.8. 
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Table 2.2 Soil salinity of an extract from a saturated paste (ECe) and soil pH measured  
in CaCl2 of the surface soil (0–10 cm) at each of the monitoring point in paddocks 1–7 
Paddock Monitoring point ECe (mS/m) pH (CaCl2) 
1 A 629 5.3 
 B 5 970 5.3 
 C 1 411 5.0 
2 A 2 228 5.1 
 B 127 6.0 
 C 31 5.2 
3 A 100 4.5 
 B 75 4.1 
 C 3 815 4.7 
4 A 801 4.8 
 B 253 4.5 
 C 72 4.0 
5 A 1 453 5.9 
 B 149 5.5 
 C 1 473 5.3 
6 A 495 5.7 
 B 6 115 7.9 
 C 1 310 7.5 
7 A 5 387 7.6 
 B 6 363 7.4 
 C 4 863 6.2 
Soil salinity explained 40 per cent of the variation in soil pH across the site (Figure 2.3). This 
could be partially attributed to a higher density of annual legumes growing on the fresher 
areas which would result in a higher rate of nitrate leaching and subsequent acidification 
below the root zone of annuals. 
Effect of soil salinity on soil pH R2 = 0.4
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Figure 2.3 Effect of soil salinity (ECe, mS/m) on soil pH (CaCl2) across the  
monitoring points in paddocks 1–7. 
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2.2 Soil survey 
A soil survey was conducted to identify and sample the dominant soils occurring within the 
trial site. Auger holes to a maximum depth of 90 cm were used to describe seven soil profiles 
The two dominant soil types encountered were grey shallow sandy duplex and grey deep 
sandy duplex (Smolinski 2007). The highly saline soils were hardsetting and exhibited a 
saline crust. Major limitations to productivity included high to extreme surface salinity, 
waterlogging, sodic subsoils, moderate to high subsoil salinity and high boron levels in the 
subsoil. Further information is available in Appendix 1 (soil report) and Appendix 2 (soil map). 
2.3 Soil analysis 
Soil samples from two representative auger holes (deep and shallow sandy duplex) were 
submitted to the CSBP laboratory for analysis. Samples were submitted from down the 
profile and included A (0–15 cm), B (15–40 cm), C (40–50 cm) and D (50–90 cm) in the first 
auger hole and E (0–15 cm), F (15–40 cm), G (40–50 cm) and H (50–90 cm) in the 2nd auger 
hole. An analysis was done on the results assuming the pasture was a sub clover based 
pasture with a target production of 4 t/ha. Recommendations included lime and gypsum as 
soil ameliorants and products to address the low nitrogen, phosphorus and potassium status. 
The full NUlogic report is available in Appendix 3 (note that the ‘profile sampled’ section on 
the report should read as above and not 0–10 for each sample). 
2.4 Hydrology 
An appraisal of the hydrology of the site was conducted using a desktop study and site visit. 
Three 5 m piezometers were located across the 120 ha site and were installed on the 
20 February 2008. Capillary rise and waterlogging were identified as two dominant causes of 
the salinity on the site (Kowald 2007). The full hydrology report is available in Appendix 4. 
Analysis of soil samples extracted from 1 m intervals down the soil profile at the time of 
drilling were used to measure soil salinity and pH. The soil salinity increased down the profile 
in all three piezometer holes (Appendix 5). Soil pH tended to increase from 1–2 m but then 
decreased or stayed constant from 3 m and beyond (Kowald 2008). The full drilling report is 
available in Appendix 5. 
Water levels in the three piezometers were measured in summer and winter during 2008 and 
2009. There was a rising trend in the watertable in all three piezometers. SWC001 was in the 
freshest area and the water rose 40 cm from -1.6 to -1.2 m. SWC003 was in the most saline 
area and the watertable increased approximately 70 cm from February 2008 to July 2009 
(Figure 2.7). The continual rise suggests that the hydrological balance of the site has not yet 
reached equilibrium and the valley floor is still being fed from lateral and surface flow from 
higher in the catchment. The only practical management solution is to maximise the plant 
density of the saltbush and understorey perennials to ensure water use is maximised across 
the site. 
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Figure 2.7 Watertable fluctuation from February 2008 to July 2009 in 3 piezometers across the 120 ha site. 
The salinity of the extracted bore water ranged from 1800 mS/m (30 per cent seawater) in 
the freshest part of the site (paddock 4) to nearly 5000 mS/m (80 per cent seawater) in the 
most saline part of the trial in paddock 1. The pH of the water declined from 6.7 to 6.3 as the 
salinity of the water increased (Table 2.3). 
Table 2.3 Salinity and pH of the bore water extracted from the three piezometers across the trial site 
measured on 28 July 2009 
 SWC001 SWC002 SWC003 
EC (mS/m) 1836 3330 4770 
pH 6.7 6.5 6.3 
3. Dry matter production 
Feed on offer (FOO) values of the saltbush component in each paddock was measured prior 
to grazing in autumn 2008 and are presented in Table 3.1. The saltbush density ranged from 
700 to 1400 stems/ha and a maximum production of 1–1.1 t DM/ha was achieved. There was 
a dominance of small shrubs, particularly the old man saltbush which contributed generally 
< 200 kg DM/ha to the feed on offer. Wavy leaf saltbush was the dominant component of the 
saltbush feed on offer, in some cases making up to 80 per cent of the total dry matter 
available. This is often typical of direct seeded sites as the wavy leaf is renowned for its 
ability to easily germinate from seed. The feed on offer was approximately 1000 kg DM/ha in 
paddocks 1, 2 and 4 and this is consistent with annual dry matter produced on other sites in 
Yealering and Lake Grace (Norman et al. 2008). However, the feed on offer was much less 
in paddock 3. The lower dry matter could be attributed to the fresher conditions in paddock 3 
resulting in less saltbush and more understorey production.  
The standard error was comparatively high in relation to the mean dry matter for the saltbush 
in each paddock in autumn 2008. This was due to the sampling technique. Three saltbushes 
were destructively sampled representing the range of sizes across the site (large, medium 
and small). The large variation within a small sample size (three samples) resulted in a high 
standard error. Although it would have been impractical to increase the sample size and  
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destructively sample more saltbushes, an alternative was required that required less labour 
and more saltbushes could be sampled and the Adelaide technique (Andrew et al. 1979) was 
pursued for the 2009 sampling. 
Table 3.1 Feed on offer (kg DM/ha) of direct seeded saltbush and acacia in paddocks 1–4 prior to grazing 
in autumn 2008 
Paddock Shrub Density (stems/ha) 
Dry matter (kg 
DM/ha) 
DM Standard 
error (±) 
1 Wavy leaf 503 885 341 
 River  239 159 51 
 Old man 156 80 54 
 Total 898 1 124  
2 Wavy leaf 767 762 465 
 River  275 104 79 
 Old man 301 178 144 
 Total 1 343 1 044  
3 Wavy leaf 446 113 19 
 River  150 32 20 
 Old man 69 8 4 
 Acacia saligna 56 11 8 
 Total 721 165  
4 Wavy leaf 782 349 308 
 River  348 238 203 
 Old man 189 50 39 
 Acacia saligna 126 370 81 
 Total 1 445 1 007  
The feed on offer in paddock 1 declined from autumn 2008 to autumn 2009 by nearly half 
(Table 3.2). This could be due to the increase in the watertable in SWC003 (the piezometer 
in paddock 1) by 70 cm between February 2008 and July 2009 (Figure 2.7). The water 
quality was approximately 80 per cent of seawater (4800 mS/m) and would be detrimental to 
the growth of saltbush. Dry matter production of the saltbush increased in paddocks 2 and 3 
between autumn 2008 and autumn 2009 by approximately 300 kg DM/ha. This was 
consistent with the water level in SWC002 (the piezometer in paddock 3) showing no rising 
trend and a water quality of 55 per cent of seawater (3400 mS/m). The dry matter of the 
saltbush and acacia in paddock 4 more than doubled between the two measurement periods. 
This corresponded with a gentle rising trend (40 cm increase from February 2008 to July 
2009) in the watertable. The quality of the water was approximately 1903 mS/m (30 per cent 
seawater) which would have been conducive to the growth of saltbush but would be getting 
too high for acacia. Dry matter of the Eyres Green old man saltbush in paddocks 5–7 was 
comparatively low at 100–300 kg/ha and this was due to the lower density (420 stems/ha) 
and the age of the shrubs (6 months old at the time of sampling). 
The standard error values were lower in 2009 when the Adelaide technique (Andrew et al. 
1979) was used (Table 3.2). This technique was superior as 15 randomly selected shrubs 
could be measured without the need for time-consuming and labour-intensive destructive 
sampling of whole bushes. The higher sample size enabled a higher confidence of achieving 
the same mean if the measurements were repeated. 
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Table 3.2 Feed on offer (kg DM/ha) of direct seeded saltbush and acacia in paddocks 1–4 and  
Eyres Green old man saltbush (paddock 5–7) planted as seedlings prior to grazing in autumn 2009 
Paddock Shrub Density (stems/ha) 
Mean dry matter 
(kg DM/ha) 
DM Standard 
error (±) 
1 Wavy leaf 503 426 51 
 River 239 177 23 
 Old man 156 38 4 
 Total 898 641  
2 Wavy leaf 767 1120 101 
 River 275 166 14 
 Old man 301 10 2 
 Total 1 343 1 296  
3 Wavy leaf 446 419 54 
 River 150 70 8 
 Old man 69 10 2 
 Acacia saligna 56 11 8 
 Total 721 510  
4 Wavy leaf 782 1 276 204 
 River 348 270 59 
 Old man 189 39 6 
 Acacia saligna 126 466 90 
 Total 1 445 2 051  
5 Eyres Green old man 420 312 18 
6 Eyres Green old man 420 67 8 
7 Eyres Green old man 420 109 16 
A summary of the data in Table 3.2 showed that the ‘direct seeded saltbush and understorey’ 
treatment in paddocks 1–4 had approximately 1000 kg/ DM/ha more saltbush dry matter than 
the ‘saltbush only’ treatment in paddocks 5–7 (Table 3.3). This was not surprising 
considering there was approximately 700 more stems/ha and the bushes were only 6 months 
old compared to the direct seeded bushes which were 3.5 years old.  
Table 3.3 Overall mean feed on offer (kg DM/ha) in the direct seeded saltbush and understorey (paddock 
1–4) and Eyres Green old man saltbush (paddock 5–7) in autumn 2009 
Treatment Mean density (stems/ha) 
Mean dry matter 
(kg DM/ha) Standard error (±) 
DS saltbush (paddock 1–4) 1 102 1 125 353 
EG old man (paddock 5–7) 420 163 76 
Feed on offer of the understorey in autumn 2008 ranged from 500 kg DM/ha to nearly 
3000 kg DM/ha (Table 3.4). Pasture composition across paddocks 1–4 ranged from bare 
ground and barley grass in paddock 1 to tall wheat grass and Rhodes grass in paddock 4. 
The density of tall wheat grass in the pasture tended to increase from paddock 1–4 as the 
soil salinity decreased. 
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Table 3.4 Understorey FOO (kg DM/ha) in paddocks 1–4 (perennial grasses) and  
paddock 5 (unimproved dry pasture) prior to grazing in autumn 2008 
Paddock Mean understorey DM  (kg DM/ha) Standard error (±) 
1 499 94 
2 1 029 101 
3 771 115 
4 2 877 792 
5 795 123 
Whilst the understorey FOO remained the same in paddock 1, it increased by 200 kg DM/ha 
in paddock 2 and more than doubled in paddock 3 (Table 3.5). The stability of the watertable 
in SWC002 may have been a factor in allowing the perennials (particularly tall wheat grass) 
to recruit and grow. However, the understorey FOO dropped by more than half in paddock 4. 
The extra shading and water use of the 1400 stems/ha of saltbush and acacias in paddock 4 
may have been detrimental to the understorey growth. It appears that the  
700–1300 stems/ha in paddocks 2 and 3 were more conducive to understorey growth. 
Table 3.5 Understorey feed on offer (kg DM/ha) in paddocks 1–4 (perennial grasses) and  
paddocks 5–7 (unimproved understorey) prior to grazing in autumn 2009 
Paddock Mean understorey DM (kg DM/ha) Standard error (±) 
1 < 500  
2 1 298 129 
3 1 621 203 
4 1 115 151 
5 < 500  
6 < 500  
7 0  
The saltbush and understorey dry matter levels were added for all paddocks and 20 per cent 
of the total value was deducted to give ‘grazeable dry matter’. The 20 per cent deduction was 
to account for the remaining leaf and stem on the saltbush and perennials when the sheep 
were moved out. The grazeable DM remained consistent in paddocks 1–4 between autumn 
2008 and autumn 2009. The grazeable DM in paddock 5 in 2008 (dry pasture) was slightly 
higher than the grazeable DM in paddocks 5–7 in 2009 (saltbush only). The lack of 
understorey in paddock 7 would have reduced the overall mean plus the barley grass was 
sprayed out prior to planting the saltbushes. The saltbushes were only 6 months old at the 
time of sampling and the grazeable DM would be expected to increase in paddocks 5–7 over 
time. 
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Table 3.6 Mean grazeable feed on offer (kg DM/ha) of the combined shrub and understorey in the 
‘direct seeded saltbush and understorey’ and ‘saltbush only’ treatments in 2008 and 2009 
Paddock Mean stems/ha Mean grazeable DM Standard error (±) 
2008    
Paddock 1–4 1 102 1 703 504 
Paddock 5 (control) - 636 - 
2009    
Paddock 1–4 1 102 1 786 360 
Paddock 5–7 420 450 183 
The differences in saltbush density between the ‘direct seeded saltbush and understorey’ 
and ‘saltbush only’ treatments were largely responsible for the difference in grazeable DM. 
Approximately 80 per cent of the variation in grazeable DM was explained by saltbush 
density (Figure 3.1). 
Stems/ha versus Grazeable DM R2 = 0.8
0
500
1000
1500
2000
2500
3000
3500
0 500 1000 1500 2000
Saltbush stems/ha
G
ra
ze
ab
le
 D
M
 
(k
g/
ha
)
 
Figure 3.1 Impact of saltbush density (stems/ha) on the overall grazeable DM in the pasture  
(understorey and shrub). 
The other contributing factor to the variation in grazeable DM across paddocks 1–7 was the 
soil salinity, which explained approximately 60 per cent of the variation (Figure 3.2). 
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Figure 3.2 Impact of soil salinity (ECe (mS/m) on the overall grazeable DM. 
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4. Mineral nutrition 
Saltbush samples were submitted paddocks 1, 2 and 7 from the trial to the WA Chemistry 
Centre for analysis in February 2008 and 2009 and have been presented to illustrate the 
implications for livestock nutrition. Three-five samples of each species were submitted in 
2008 but only one sample of each species were submitted in 2009 due to budgetary 
constraints. Two samples of the Eyres Green saltbush were submitted. The status of each 
nutrient fluctuates seasonally and with soil type. In the absence of an ongoing sampling 
program taking into account spatial and temporal variability these values can only be used a 
crude guide. In addition, whilst each mineral can be analysed independently in terms of its 
nutritional implications for livestock, the interactions between several minerals is another 
complicating factor which hasn’t been considered. 
Saltbush accumulates large amounts of salt (20–30 per cent dry matter) in its leaves as a 
mechanism of coping with soil salinity. Most of the salt is sodium chloride (NaCl) and 
potassium chloride (KCl), but saltbush also contains other minerals, including sulphur (S), 
magnesium (Mg), calcium (Ca) and phosphorus (P) (Mayberry et al. 2008; Norman et al. 
2008). While most of these minerals are present in quantities that exceed the recommended 
daily intake for sheep, the complex interactions between these minerals mean that livestock 
grazing saltbush alone may be predisposed to an excess, imbalance or deficiency of many 
minerals (Masters and Filmer 2008, Mayberry et al. 2008). 
Mineral values obtained on the trial in February 2008 are presented in Table 4.1 and were 
similar and comparable to the values obtained for saltbushes by Norman et al. (2002). The 
recommended intake levels for K (5 g/kg), Ca (1.5–2.6 g/kg), Mg (1.2 g/kg) and Na  
(0.7–0.9 g/kg) were exceeded in all of the saltbushes (Mayberry et al. 2008) (Table 4.1). A 
level of 2.5–3.5 g/kg of S is deemed too high for livestock and the S values from the 
saltbushes were all over 3.5 g/kg (Norman et al. 2008). Similarly Masters and Filmer (2008) 
report that a Mg content of 6 g/kg is the maximum tolerable limit for sheep and cattle and the 
Mg in the river and old man saltbush are above this limit. However, the recommended intake 
concentrations were at the desired level for P (1.3–2.5 g/kg) (Mayberry et al. 2008). The 
deficiency of P in the soil (Appendix 3) may explain the lower P levels in the saltbush foliage 
compared to the other nutrients and why P isn’t in excess to the livestock’s requirements. 
Differing mineral concentrations for all of the saltbushes between paddock 1 and 2 also 
highlight a potential variation in nutrient status for these minerals between paddocks 1 and 2. 
Table 4.1 Mineral levels of saltbush leaf material from paddocks 1 and 2 submitted in autumn 2008 
Paddock Species N g/kg 
P 
g/kg 
K 
g/kg 
Ca 
g/kg 
Mg 
g/kg 
Na 
g/kg 
S 
g/kg 
1 Wavy leaf 14.5 ±0.7 
1.6 
±0.1 
20.9 
±1.0 
5.8 
±0.2 
4.4 
±0.4 
51.1 
±2.4 
4.2 
±0.3 
2 Wavy leaf 15.9 ±4.0 
1.2 
±0.1 
15.1 
±4.6 
5.1 
±0.4 
6.4 
±0.8 
76.6 
±6.8 
4.5 
±0.2 
1 River 12.7 ±0.2 
1.3 
±0.1 
19.1 
±1.3 
5.5 
±0.3 
6.9 
±0.5 
59.3 
±1.8 
4.9 
±0.3 
2 River 17.3 ±0.4 
4.9 
±3.4 
29.7 
±5 
6.5 
±0.4 
8.5 
±0.2 
69.3 
±1.7 
6.1 
±0.5 
1 Old man 13.3 ±0.6 
1.7 
±0.2 
22.8 
±1.8 
5.7 
±0.4 
10.6 
±0.6 
95.4 
±2.5 
3.6 
±0.1 
2 Old man 13.8 ±0.6 
1.4 
±0.3 
23.9 
±7 
4.3 
±0.4 
6.0 
±2.0 
74.9 
±21.4 
4.2 
±0.6 
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In 2009 a sample of each of the saltbushes in the ‘Direct seeded saltbush and understorey 
(paddock 2) and a sample of Eyres Green saltbush was submitted from paddock 7 
(Table 4.2). The same comments applied to the 2009 data with all of the minerals except for 
P being present in excess of the livestock’s requirements. The Eyres Green saltbush tended 
to have higher concentrations of minerals, particularly P, K, Ca and Mg. (Table 4.2). 
Table 4.2 Mineral levels of saltbush leaf material from paddocks 2 and 7 submitted in autumn 2009 
Paddock Species N g/kg 
P 
g/kg 
K 
g/kg 
Ca 
g/kg 
Mg 
g/kg 
Na 
g/kg 
S 
g/kg 
2 Wavy leaf 10.9 1.2 9.5 4.1 4.3 41.5 3.1 
2 River 17.3 1.4 14.8 4.3 7.2 55 5.6 
2 Old man 13.4 1.2 17.5 3.9 10.1 80.4 3.3 
7 Eyres Green 22.8 1.7 23.9 11.2 12.0 67.3 5.6 
The suggested maximum tolerable limit of Iron (Fe) for sheep is 500 mg/kg (Norman et al. 
2002). The river, old man and wavy leaf saltbushes all had Fe levels lower than this limit, so 
there should be no implications for livestock production (Table 4.3). One of the known 
interactions is sulphur (S)-copper (Cu) and there have been reported instances of Cu 
deficiency when the S:Cu ratio is higher than the ratio for temperate green pastures  
(238–465) (Masters and Filmer 2008). 
Table 4.3 Trace element levels in saltbush leaf material from paddocks 1 and 2  
submitted in autumn 2008 
Paddock Species B mg/kg 
Cu 
mg/kg 
Fe 
mg/kg 
Mn 
mg/kg 
Mo 
mg/kg 
Zn 
mg/kg 
1 Wavy leaf 49.4 ±1.2 
9.4 
±0.9 
436.8 
±114.9 
62.4 
±13.5 
< 1 43.8 
±9.6 
2 Wavy leaf 70.3 ±11.9 
4.8 
±0.2 
210.7 
±54.5 
179.3 
±49.6 
< 1 39.7 
±8.5 
1 River 38.0 ±1.5 
7.8 
±0.8 
257.7 
±31.3 
103.3 
±22.8 
< 1 24.3 
±2.7 
2 River 75 ±4.9 
6.9 
±1.1 
176.3 
±13.9 
210.3 
±20.3 
< 1 25.3 
±2.9 
1 Old man 37.8 ±3.3 
5.4 
±0.4 
123.8 
±5.6 
108.2 
±14.2 
1 32.2 
±3.2 
2 Old man 63 ±0.0 
6.9 
±0.4 
176 
±36 
128 
±22 
< 1 44.5 
±22.5 
The Eyres Green old man saltbush submitted from paddock 7 in 2009 had higher levels of 
boron (B), Cu, Fe and zinc (Zn) than regular old man saltbush grown from wild seed 
(Figure 4.4). This may be related to the larger leaf area of the Eyres Green saltbush. 
Table 4.4 Trace element levels of saltbush leaf material from paddocks 2 and 7 submitted  
in autumn 2009 
Paddock Species B mg/kg 
Cu 
mg/kg 
Fe 
mg/kg 
Mn 
mg/kg 
Mo 
mg/kg 
Zn 
mg/kg 
2 Wavy leaf 64 5.7 200 90 < 1 40 
2 River 83 4.6 87 170 < 1 16 
2 Old man 48 3.8 47 150 < 1 29 
7 Eyres Green 67 15.6 205 109 < 1 86 
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Where the mineral levels of saltbush exceed the maximum intake for livestock, if the saltbush 
is eaten exclusively by the animal it may influence animal production or interfere with the 
metabolism of other elements. If saltbush is eaten as part of a mixture of feed the minerals 
can be diluted and there should be no animal production issues. Potential for mineral 
imbalances can easily be avoided by ensuring that saltbush is always part of a mixed ration 
of feed, with low ash (0–15 per cent) feed components making up a portion of the feed. This 
has been achieved across the trial as there are low-salt understorey species present and 
feed supplements are provided to the livestock across the trial. 
5. Feed quality 
Analysis of feed quality was conducted on all of the saltbushes analysed for mineral content. 
Bulked leaf and fine stem (< 2 mm) samples were collected from randomly selected 
saltbushes in each species across paddocks 1 and 2. ‘Ash’ refers to the inorganic minerals in 
the saltbush and contains no energy value and consists of the minerals displayed in Tables 
4.1–4.4. From the results of the 2008 sampling, the ash values of the saltbush typically 
varied from 18–33 per cent with higher values recorded for old man saltbush (Table 5.1). 
Differences in the ash content between paddocks 1 and 2 could potentially be due to spatial 
variation in soil salinity across both these paddocks. 
The protein is calculated by multiplying the total nitrogen (N) (%) by 6.25 and includes 
unavailable and available protein. Protein levels in all of the species submitted varied from  
8–11 per cent and satisfied the maintenance requirements for a 50 kg adult wether (8 per 
cent crude protein) (Table 5.1). However, weaners would require extra protein for growth and 
consequently extra supplement would be required to complement the protein in the saltbush. 
Acid detergent fibre (ADF) consists of the non-digestible component of the feed 
(e.g. cellulose, lignin) and ranged from 22–32 per cent for all samples (Table 5.1). Old man 
saltbush was at the lower end of this range as a higher proportion of leaf was collected in the 
sample owing to its large, fleshy leaves in comparison to the other species. Lignin is one 
component of ADF and is the polymer which binds cellulose fibres and is one of the chief 
constituents of wood. The lignin varied from 11–15 per cent with the highest values recorded 
in old man saltbush. Paddock 2 tended to have higher lignin levels in the saltbush leaf 
material compared to paddock 1. Neutral detergent fibre (NDF) is a measure of the cellulose, 
lignin and hemicellulose content (all cell wall components) of feed. Of NDF, the hemicelluose 
is partly digestible. NDF varied from 38–55 per cent in the saltbushes analysed. While fibre is 
essential for rumen function, too much fibre in plants will constrain animal performance 
(Norman et al. 2002). 
Table 5.1 Feed quality of multiple saltbush leaf samples (n = 3–5) from paddocks 1 and 2 submitted in 
autumn 2008 prior to grazing 
Paddock Species Ash (%) Protein (%) ADF (%) Lignin (%) NDF (%) 
1 Wavy leaf 18.3 ± 0.9 9.1 ± 0.5 30.6 ± 1.0 13.5 ± 0.4 54.8 ± 1.1 
2 Wavy leaf 25.2 ± 3.0 10.0 ± 0.3 25.8 ± 2.3 15.4 ± 0.3 46.3 ± 3.9 
1 River 21.7 ± 1.1 8.0 ± 0.1 32.0 ± 0.7 11.0 ± 0.4 52.0 ± 1.0 
2 River 26.6 ± 1.0 10.8 ± 0.2 23.3 ± 0.3 11.1 ± 0.3 40.0 ± 0.9 
1 Old man 32.8 ± 0.7 8.3 ± 0.3 22.0 ± 0.2 14.8 ± 0.4 37.9 ± 0.3 
2 Old man 26.2 ± 6.1 8.5 ± 0.2 26.7 ± 4.4 15.3 ± 0.2 44.6 ± 6.8 
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Due to budgetary constraints, fewer saltbush samples were submitted for analysis in 2009 so 
average values and standard errors could not be presented. Old man saltbush tended to 
have higher ash but lower ADF levels. River saltbush contained the highest percentage of 
crude protein (11 per cent) and would be a desirable component of a mixed ration of feed for 
young weaners (Table 5.2).  
Table 5.2 Feed quality of single saltbush leaf samples from paddocks 1 and 2 submitted in autumn 2009 
prior to grazing 
Paddock Species Ash (%) Protein (%) ADF (%) Lignin (%) NDF (%) 
2 Wavy leaf 11.8   6.8 39.1 15.9 62.7 
2 River 21.1 10.8 30.1 10.6 46.6 
2 Old man 30.5   8.4 23.5 17.4 39.5 
There was a unique opportunity in 2009 to compare the feed quality of ‘normal’ old man 
saltbush grown from seed collected in the ‘wild’ in paddock 2 with the clonal Eyres Green old 
man saltbush submitted from paddock 7. Whilst ash values were the same, the ‘Eyres Green’ 
old man had 6 per cent higher protein and 6 per cent lower ADF levels than ‘normal’ old man 
saltbush (Table 5.3). These attributes would indicate it would be more valuable for young, 
growing sheep such as weaners than ‘normal’ old man saltbush. 
Table 5.3 Feed quality old man saltbush leaf samples submitted in autumn 2009 prior to grazing. Mean 
values for ‘normal’ old man saltbush (n = 9) were determined and compared with the mean values for 
‘Eyres Green’ old man saltbush (n = 2) 
Saltbush type Ash (%) Protein (%) ADF (%) Lignin (%) NDF (%) 
‘Normal’ old man 30.4 ± 2.1 8.4 ± 0.2 23.7 ± 1.5 15.2 ± 0.3 40.3 ± 2.3 
‘Eyres Green’ old man 30.3 ± 0.2 14.3 ± 0.1 17.3 ± 1.2 8.1 ± 0.3 34.5 ± 2.0 
As there is currently no accurate methodology to measure Dry Matter Digestibility (DMD) and 
Metabolisable Energy (ME) in commercial laboratories for plants with high ash levels, these 
values have been omitted. However, other experimental work suggests that DMD values of 
between 50–53 per cent (~7 MJ ME/kg) have been measured in saltbushes (Norman et al. 
2002). Although saltbush DMD values fall short of the maintenance requirement for a 50 kg 
adult wether (55 per cent), their crude protein is a useful attribute when combined with other 
feed sources with a suitable energy content for maintenance (> 8 MJ ME/kg), such as high 
quality oaten hay.  
6. Grazing production 
The ‘direct seeded saltbush and understorey’ treatments in paddocks 1–4 were initially 
grazed 17 months after establishment in May 2007 to graze the saltbushes back and allow 
fresh leaf growth. This initial ‘tidy up’ grazing yielded 83 grazing days/ha and was designed 
to allow the bulk in the understorey to increase whilst not allowing the saltbushes to get too 
woody (Table 6.1). 
Following the installation of fencing and water infrastructure, grazing commenced in 2008 on 
24 March. Grazing would have normally commenced earlier (February) however delays were 
experienced with getting the tanks installed on the site. The sheep were removed from the 
‘unimproved dry pasture’ on 14 May and from the ‘direct seeded saltbush and understorey’ 
on the 6 June. Approximately 30 per cent extra grazing production was achieved in the 
‘direct seeded saltbush and understorey’ in paddocks 1–4 compared to the ‘unimproved 
pasture’ in paddock 5 (Table 6.1). 
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Grazing commenced on 25 February in 2009. Sheep were removed from the ‘saltbush only’ 
(paddock 5–6) on 29 April and from the ‘direct seeded saltbush and understorey’ (paddock 
1–4) on 14 June. The sheep would have normally been removed from paddock 5 and 6 
earlier however extra grazing was allowed in paddock 5 whilst the fence was being 
constructed around paddock 6. The ‘direct seeded saltbush and understorey’ yielded 20 per 
cent more grazing days than the ‘saltbush only’ area (Table 6.1). This was due to the higher 
saltbush density and grazeable dry matter in the ‘direct seeded saltbush and understorey’ 
paddocks. 
The grazing production on the ‘direct seeded saltbush and understorey’ increased 
substantially from 2007–2008 and nearly doubled from 2008–2009. This could be attributed 
to better establishment of the understorey and bigger and more robust shrubs as they grew 
over time. From this data it seems that 700–900 grazing days/ha are realistic on low-density 
‘saltbush only’ pastures and 1200 grazing days/ha are possible on higher density 
(1000 stems/ha or more) saltbush areas with a perennial understorey. Herbert (2007) found 
that the best-performing tall wheat grass pastures in Tambellup through the Sustainable 
Grazing on Saline Lands (SGSL) project yielded 2450 grazing days/ha (6.7 DSE/ha). 
Although this site may not achieve these figures due to higher soil salinity levels it does 
suggest extra production may be possible. 
Table 6.1 Grazing production details for the ‘direct seeded saltbush and understorey’, ‘unimproved dry 
pasture’ and ‘Eyres Green saltbush only’ from 2007–2009 
Year Treatment Grazing days/ha Annual DSE/ha 
2007 Direct seeded saltbush and understorey 83 0.2 
2008 Direct seeded saltbush and understorey 666 1.8 
2008 Unimproved dry pasture 510 1.4 
2009 Direct seeded saltbush and understorey 1 185 3.2 
2009 Eyres Green saltbush only 990 2.7 
As well as determining the amount of grazing days/ha, the amount of grazing days/kg DM 
(saltbush and understorey) was also determined. Approximately 1–6 grazing days/kg DM 
were achieved off paddocks 1–4 in 2008 and 2009. The unimproved dry pasture produced 
10 grazing days/kg DM in 2008 and the ‘saltbush only’ achieved 15–50 grazing days/kg DM 
in 2009. These inflated figures were due to the lower amount of dry matter in these paddocks 
relative to the amount of grazing they produced. The unimproved dry pasture and the 
‘saltbush only’ treatments represented a feedlot situation where high amounts of supplement 
would be required however the ‘direct seeded saltbush and understorey’ represents a 
managed pasture designed to maintain or slightly grow stock with minimal extra supplement. 
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Table 6.2 Grazing days per kg of dry matter for the ‘direct seeded saltbush and understorey’, 
‘unimproved dry pasture’ and ‘Eyres Green saltbush only’ from 2008–2009 
Year Treatment Paddock Grazing days/kg DM 
2008 DS saltbush and understorey 1 3.4 
 DS saltbush and understorey 2 2.5 
 DS saltbush and understorey 3 3.3 
 DS saltbush and understorey 4 0.8 
 Unimproved dry pasture 5 10.4 
2009 DS saltbush and understorey 1 6.3 
 DS saltbush and understorey 2 2.2 
 DS saltbush and understorey 3 2.1 
 DS saltbush and understorey 4 4.0 
 Eyres Green saltbush only 5 15.0 
 Eyres Green saltbush only 6 49.7 
7. Livestock performance 
7.1 Liveweight and condition score 
The wethers on the ‘direct seeded saltbush and understorey’ treatment initially gained 
approximately 2 kg in 2008 which corresponded to the consumption of the fresher 
understorey species (Figure 7.1). There was then a loss of approximately 3–4 kg due to the 
complete consumption of the understorey and saltbush was the only available feed. Also, the 
high salt and mineral load in the saltbush may also be holding back the growth of the wethers 
once the understorey had been removed and conditions were still dry. 
Following shearing, the sheep gained approximately 5 kg, despite removal of their fleece and 
this corresponded with an increased quantity of understorey species in paddocks 2–3. 
Additionally, the sheep were able to put extra resources into growth rather than maintaining a 
5–6 kg fleece. This growth period was then followed by a decline in liveweight once the 
understorey was consumed and the salt and mineral load became a physiological burden for 
the wethers. The sheep were put onto paddock 4 on 6 June and this corresponded with a 
slight increase in weight due to an abundance of understorey. The sheep came off the trial 
approximately 1 kg lighter than what they went on. The liveweight profile of the sheep on the 
‘unimproved dry pasture’ mirrored that of the sheep on the ‘direct seeded saltbush and 
understorey’. When their liveweight had decreased they were given correspondingly more 
supplementary feed resulting in the profile shown in Figure 7.1. 
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Figure 7.1 Liveweight profile of two-year old merino wethers grazing the ‘direct seeded saltbush and 
understorey’ and ‘unimproved pasture’ treatments in 2008. 
The condition score profile of the sheep on both treatments showed the same variation as 
the liveweight profile (Figure 7.2). The condition of the wethers on the ‘unimproved pasture’ 
and ‘direct seeded saltbush and understorey’ was maintained at 2.3–2.4 during the trial. The 
initial increase in condition of the sheep on the ‘direct seeded saltbush and understorey’ 
corresponded with the consumption of fresher understorey species whilst the stocking rate 
was 30 DSE/ha. This increase wasn’t noticed when the stocking rate was increased to 
50 DSE/ha due to the sheep showing less preference for understorey and grazing the 
saltbush and understorey simultaneously. 
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Figure 7.2 Condition score profile of two-year old merino wethers grazing the ‘direct seeded  
saltbush and understorey’ and ‘unimproved pasture’ treatments in 2008. 
Due to the decreased availability of labour and resources in 2009, a random subsample of 25 
of the sheep were weighed and condition scored at the beginning of the trial (25 February) 
and towards the end of the trial (10 May 2009). Some grazing on paddock 1 did occur from 
the 10 May till 14 June. As sufficient weaner weathers couldn’t be sourced in 2009 run sheep 
on the ‘direct seeded saltbush and understorey’ and ‘saltbush only’ treatments, additional cull 
two-four year old ewes were run with the weaners. The ewes and wether weaners were 
distributed been both treatments and the primary aim of the livestock measurements was to 
assess if their condition was being maintained, not to compare the liveweight and condition 
score profile between the treatments. 
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The ewes gained approximately 3 kg and 0.1 condition score during the trial and the wether 
weaners gained 2.5 kg and 0.1 condition score (Table 7.1). The increase in liveweight of the 
wether weaners was a highlight of the 2009 grazing due to the historic difficulty and expense 
of growing weaners during the summer-autumn period. From past experience, the host 
farmer would not have been able to achieve the same results if the wether weaners had 
been run on dry pasture and provided with supplementary feed. 
Table 7.1 Livestock performance of wether weaners and cull ewes which were grazed on the ‘direct 
seeded saltbush and understorey’ and ‘Eyres Green saltbush’ treatments in 2009 
Livestock class Liveweight on 25/2/09 
CS on 
25/2/09 
Liveweight off 
10/5/09 
CS off 
10/5/09 
Cull two–four year old ewes 33.5 ± 0.9 1.8 ± 0.1 36.4 ± 1.1 1.9 ± 0.04 
Wether weaners 28.0 ± 1.0 1.8 ± 1.1 30.5 ± 1.1 1.9 ± 0.05 
Prior to being put on the saltbush areas in February 2009, the cull ewes were valued by a 
stock agent at $3–$5 (based on market prices at the time). In May 2009 when the ewes were 
weighed and condition scored a 2nd time, they were valued at $30–$50. Half of this increase 
in value could be attributed to the price of ewes going up, as the value of mutton increases 
from February to July. The increase in value could also be partly attributed to the increase in 
condition of the ewes. 
7.2 Supplementary feeding 
Oats were provided as an additional supplement in 2008 to provide an energy source to 
complement the protein and minerals in the saltbush. The sheep on the ‘direct seeded 
saltbush and understorey’ were weaned off their ration as they became accustomed to 
consuming the saltbush and understorey. However, the oats provided to the sheep on the 
control area was increased up to 1000 g/head/day (Table 7.2). This was an expensive 
exercise and oaten hay was chosen as the supplement in 2009 to reduce the cost of hand 
feeding. An 850 kg bale of oaten hay was provided at weekly intervals to the sheep during 
2009. The sheep on the Eyres Green saltbush were provided with oaten hay till the end of 
April when they were removed from the trial. Supplementary feeding of the sheep on the 
‘direct seeded saltbush and understorey’ finished at the beginning of April which 
corresponded to the grazing of paddocks 3–4 which had an abundance of understorey 
relative to paddocks 1–2 (Table 3.5). 
Table 7.2 Approximate details of supplementary feed provided to sheep on the treated and improved 
areas at the discretion of the host farmer 
Period Treatment Type Amount (g/hd/day) Comment 
March-April 2008 Direct seeded saltbush and 
understorey 
Oats 250–  400 Gradually weaned off oats 
March-June 2008 Unimproved pasture Oats 400–1000 Increased as paddock feed 
ran out 
March-April 2009 Direct seeded saltbush and 
understorey 
Oaten hay ~ 500 850 kg bale weekly until 
early April 
March-May 2009 Eyres Green saltbush Oaten hay ~ 500 850 kg bale weekly up until 
end of April 
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8. Economics 
Costs and returns for the ‘DS saltbush and understorey’ (Appendix 6a) and ‘Eyres Green 
saltbush only’ (Appendix 6b) scenarios were analysed in a ‘discounted cash flow investment 
analysis’ framework. A comparison was provided in Appendix 6b. The study was only a 
‘partial analysis’, in that the site area only was considered with no interaction with the rest of 
the farm. A discount rate of 6 per cent was used to bring the future value of money back to a 
present day value and account for inflation. Establishment costs were used in the analysis 
without the infrastructure (fencing and water) costs included and the grazing value was 
quantified based on a proxy ‘feed costs saved’ of approximately $0.10/grazing day. 
The ‘direct seeded saltbush and understorey’ in paddocks 1–4 had an establishment cost of 
$1784/ha with infrastructure and $522/ha without infrastructure (Table 8.1). This indicates the 
expensive nature of saltland revegetation and may partly explain the low adoption of saltland 
pastures in some areas. It is unfair to burden the $1784/ha cost on paddocks 1–4 alone as 
developing the production bore, solar pumps, tanks, piping and troughs had benefits for the 
whole 120 ha site. Thus $522/ha will be used for the analysis. The ‘saltbush only’ in 
paddocks 5–7 had a cheaper establishment cost of $307/ha (revegetation only). 
The analysis shows that the host farmer would recover the establishment costs of the 
‘saltbush only’ in six years, compared to 12 years for the ‘direct seeded saltbush and 
understorey’ pasture. Over a 10 year period the ‘saltbush only’ had a benefit-cost ratio of 
1.09 compared to 0.78 for the ‘direct seeded saltbush and understorey’. It was 
understandable that the ‘saltbush only’ was more profitable despite a 30 per cent lower 
grazing capacity and double the supplementation costs as it was servicing a much lower 
establishment cost and grazing was available earlier. 
Table 8.1 Summary of ‘discounted cash flow investment’ analysis to compare the ‘direct seeded  
saltbush and understorey’ with the ‘saltbush only’ scenario. Recover period = the time taken to  
recover the establishment cost. BCR = Benefit-cost ratio 
 Est. cost Recovery period BCR 
‘Direct seeded saltbush and understorey’ $522 12 years 0.78 
‘Saltbush only’ $307 6 years 1.09 
Despite the outcomes of the analysis, the ‘direct seeded saltbush and understorey’ in 
paddocks 1–4 remain an attractive option to maximise water use, enable quicker site 
improvement, allow higher grazing capacity and lower erosion and run-off. A useful future 
project would be to do a whole-farm economic analysis of the role of the saltland pastures in 
the ‘Miripin’ farm system using MIDAS (Model of an integrated dryland agricultural system). 
Then the interaction with the rest of the farm could be considered and issues such as 
reducing the need for agistment and freight costs of sheep could be explored. 
9. Integration into the farm system 
‘Miripin’ is located in a 400 mm rainfall zone. The property is 2400 ha with 50 per cent 
(1200 ha) of the farm salt affected. The majority of the non-arable land is covered with 
samphire and is the floodplain of the Beaufort River. Approximately 55 per cent of the arable 
land is cropped to wheat, barley, oats and canola. Around 4000 adult merino sheep (plus 
lambs) are run with a focus on wool production and turning off shipper wethers. 
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Due to lambing occurring in July, getting the weaners through the summer-autumn period 
has traditionally been a challenge, requiring the best paddocks, continual supplementary 
feeding and continual monitoring. Running the wether weaners on the saltbush in 2009 was 
found to be a good strategy due to the protein, minerals and Vitamin E forming a useful 
supplement to their diet. Losses due to ill-thrift were found to be lower when the weaners 
were run on the saltbush compared to previous years. 
One of the challenges was managing fly strike in the weaners during April 2009. At 
50 sheep/ha the conditions were similar to a feedlot situation and the urine and faeces 
provided an attraction for flies during warm weather. There were a few sheep which had 
developed pizzle strike, due to the wool around their belly getting wet when they were on the 
ground and providing an attraction to flies. Some of the weaners were noticed early and 
treated but there were one-two deaths due to pizzle strike. Shearing normally occurs in late 
April. If possible, it would be desirable to shear the sheep earlier in an attempt to counteract 
the flystrike but there is an issue finding shearers earlier than at present. 
It was noticed that whenever the sheep on the trial picked up in weight and condition, this 
corresponded to a ‘freshening up’ of the understorey perennials after rain. Consequently, the 
sheep performed quite well on the trial in the May-June period with minimal to no extra 
supplement provided to the sheep on the ‘direct seeded saltbush and understorey’. This 
fitted in well with the cropping program as the sheep could be left on the ‘direct seeded 
saltbush and understorey’ during this time with minimal supplement required and allowed the 
focus to be on preparation for seeding and canola seeding in the late April to May period.  
Evidence from the literature suggests that a mob of weathers can be grown out to a suitable 
weight to be turned off as shippers provided that a high energy supplement is provided with 
the saltbush. This theory will be tested as a future project on ‘Miripin’. Wethers (18 months 
old) will be provided with feed quality barley at a ration conducive to growth in addition to the 
saltbush with the intention of ‘finishing’ them and selling them as shippers. It is expected that 
there is an interaction between the saltbush protein and minerals and the high energy 
content of the feed barley. This will be compared with the 2008 and 2009 results where the 
primary aim was maintenance of the wethers. 
10. Conclusion 
The background site characterisation of the SWCC funded ‘Wilcox trial’ revealed a high 
variation in soil salinity, shallow-deep sandy duplex soil types across the site and a rising 
watertable. Such variation in salinity is often typical of saline sites and areas of similar salinity 
and ground cover had been fenced together as much as was practically possible. The duplex 
soil types had resulted in inherent problems with salinity, waterlogging and poorly structured 
subsoils. An approach of targeting a ‘direct seeded saltbush and understorey’ pasture mix to 
the fresh to moderately saline areas and a ‘low density saltbush only’ approach with nursery 
raised seedlings to the moderate to highly saline areas had been used effectively.  
Dry matter production was found to be influenced by the saltbush density and the surface soil 
salinity across the site. The ‘direct seeded saltbush and understorey’ produced two and half 
times more feed (moderate quality) than the unimproved dry pasture (low quality) in 2008 
and four times more feed than the ‘saltbush only’ area in 2009. This resulted in 20 per cent 
more grazing days/ha in the ‘direct seeded saltbush and understorey’ treatment. The overall 
goal of achieving maintenance of livestock condition was achieved in 2008 and some minor 
growth was achieved in 2009. The management of livestock on the saltbush has been 
gradually fine-tuned and the saltbush has now become an important part of the ‘Miripin’ farm  
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system and has a niche in providing minerals, protein and Vitamin E for wether weaners 
during summer-autumn. A future project will determine if it will be possible to achieve growth 
of 18 month old wethers sufficient to meet the requirements of the live export trade and turn 
wethers off the saltbush with additional focus feeding of high energy feed barley. 
11. References 
Andrew MH, Noble IR and Lange RT 1979. A non-destructive method for estimating the 
weight of forage on shrubs. Australian Rangelands Journal 1: 225–231. 
Masters DG and Filmer M 2008. Balancing minerals on grazed saltbush. Farming Ahead 
May 2008 No. 196: 72–74. 
Masters DG, Norman HC and Dynes RA 2001. Opportunities and Limitations for Animal 
Production from Saline Land. Asian-Australian Journal of Animal Science 2001. 
Vol. 14, Special Issue: 199–211. 
Mayberry DE, Masters DG and Vercoe PE 2008. Grazing saltbush may cause mineral 
deficiencies. Proceedings of the Australian Society of Animal Production 7: 19. 
Moore G 2001. Soil Guide: A handbook for understanding and managing agricultural soils. 
Agriculture Western Australia Bulletin No. 4343. 
Norman HC, Dynes RA and Masters DG 2002. Nutritive value of plants growing on saline 
land. PUR$L 2002 8th National Conference and Workshop proceedings p. 59–69. 
Norman HC, Mayberry DE, McKenna DJ, Pearce KL and Revell DK 2008. Old man saltbush 
in agriculture: feeding value for livestock production systems. 2nd International Salinity 
Forum. 
Pasture and livestock production from saltland pastures 
 
27 
 
 
 
 
 
 
 
 
 
 
Appendix 1. Soil survey 
Pasture and livestock production from saltland pastures 
28 
Pasture and livestock production from saltland pastures 
 
29 
 
 
 
Soil Survey of Salinity Trial Site 
Graydn Wilcox’s Property 
Robinson Road 
Woodanilling 
 
Reference: 2007218 
 
 
 
Land Management Services 
 
Henry Smolinski 
Research Officer 
 
14 May 2007 

Pasture and livestock production from saltland pastures 
 
27 
Contents 
Page 
Summary ........................................................................................................................  29 
Trial site location ...........................................................................................................  29 
Trial site description ......................................................................................................  29 
Climate ............................................................................................................................  29 
Geology and geomorphology .......................................................................................  29 
Survey method ...............................................................................................................  29 
Soils ................................................................................................................................  30 
References and bibliography .......................................................................................  31 
Glossary .........................................................................................................................  30 
Appendix A: Soil Profile Descriptions .........................................................................  33 
 
Pasture and livestock production from saltland pastures 
28 
Pasture and livestock production from saltland pastures 
 
29 
Summary 
The trial site is situated on a broad alluvial floodplain of the Beaufort River. 
The most common soil types are Alkaline grey shallow sandy duplex and Alkaline grey deep 
sandy duplex. Both soil types are moderate to highly saline. 
Minor areas of grey deep sandy duplex are associated with low sandy mounds on the flood 
plain. These better drained areas are slight to moderately saline. 
Trial site location 
The SGSL trial site is situated off Beaufort Road about 5 km east of Albany Highway and 
15 km south of Arthur River. 
The centre of the site has WGS84 UTM coordinates Zone 50-510100m East; 6296300m 
North. 
Property boundaries can be located on Department of Land Information cadastral map sheet 
2331 III. 
Trial site description 
The trial site is situated within a broad valley flat and is dissected by Boyamine Creek, which 
is a minor tributary of the Beaufort River Drainage System. 
Most of the area has been planted to salt tolerant fodder species. Productive stands of tall 
wheat grass and Rhodes grass are generally associated with deeper duplex soils affected by 
mild salinity. Saltbush species were dominant in moderate-high salinity areas.  
Climate 
The region has a Mediterranean climate with a mean annual rainfall of about 475 mm (based 
on 1997 Bureau of Meteorology records). 
Geology and geomorphology 
The soils have developed from Quaternary alluvial sediments consisting of sand silt and clay 
which have also undergone reworking under present drainage. 
Mixed granitic rocks are the main basement rocks (Chin and Brakel 1986). 
Survey method 
The main purpose of the survey was to identify and sample the dominant soils occurring 
within the trial site. 
The soils have been described from auger holes to a maximum depth of 90 cm, if soil 
conditions allowed. Seven soil profiles were described and samples were collected from a 
representative soil profile.  
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Soil attributes recorded included: soil colour, texture, soil pHw, soil electro-conductivity (EC), 
horizon depth and structure. 
The soil types have been described using terminology of McDonald et al. (1990). Soil colours 
are described according to standard Munsell colour chart notation. 
Detailed soil profile descriptions from each soil pit are listed in Appendix A.  
Soils 
Shallow and deep sandy duplex soils were encountered within the trial site. Deep sandy 
duplex are more common and include Alkaline grey shallow sandy duplex and Alkaline grey 
deep sandy duplex. The soil reaction trend is neutral to alkaline with the majority being 
alkaline. 
Surface conditions are soft to hardsetting. The highly saline soils are hardsetting and exhibit 
a saline crust. 
Topsoil horizons are very dark brown humic loamy sand to clayey sand overlying pale brown 
to yellowish brown sand or loamy sand. These topsoil horizons display a sandy or earthy 
fabric and are usually compact. 
Light brownish grey sandy clay loam or clay is encountered within a depth range of  
20–50 cm. Brownish yellow mottles are common to abundant while rare lime segregations 
may be encountered in the lower subsoil. 
The clayey horizon is massive when moderately moist and exhibits sodic properties 
(i.e. greasy or soapy consistence when kneaded and tough consistence). 
Soil analysis indicates the soils are highly sodic and magnesium and sodium are the 
dominant exchangeable cations within the clay layer.  
The soil reaction trend is commonly alkaline, topsoil horizons are acid (pH 5.5–6.0, 
commonly pH 5.5) while subsoils are strongly alkaline (pH 8.5–9.0). 
Limitations 
• High to extreme topsoil salinity.  
• Periodic waterlogging. 
• Sodic subsoils. 
• Moderate to high subsoil salinity. 
• High boron levels within the subsoil. 
Table 1 Soil summary 
Soil type Depth (cm) Texture Field EC1:5 (mS/m) Field pHw Constraints to production 
0–10 Loamy sand 125–900 5.5 
10–30 Weak loamy 
sand 
15–90 6.5 
30–60 Sandy clay 35–280 6.5–8.5 
Alkaline grey 
deep sandy 
duplex 
60–90 Sandy clay 70–150 7.5–9.0 
• Moderate to high subsoil 
salinity 
• High to extremely high 
topsoil salinity 
• Waterlogging 
• Massive subsoils 
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Glossary 
Colour Soil colour is defined in terms of hue, value and chroma using Munsell soil 
colour charts. Colours are classified by an alphabetical/numerical code. 
 e.g. 10 YR 6/8: hue (brownish yellow) 
 6: medium high value 
 8: high chroma 
 The classification makes it possible to distinguish slight differences in 
colour. 
Massive A soil layer that appears as a coherent or solid mass that has no structure. 
Mottles Mottles are spots, blotches or streaks of colour which can be distinguished 
from the main background soil colour. Mottles usually indicate periodic 
waterlogging in the zone of its occurrence. 
Pan An indurated and/or cemented soil horizon. The nature of the dominant 
cementing agent is used to identify different types of pans. The most 
common types are: 
 Silica pan Cementing agent is amorphous silica analogous to 
fragipan, silcrete, red brown hardpan and duripan. 
 Sesquioxide pan  Cemented by iron and aluminium oxides analogous to 
laterite, bauxite, bog iron ore. 
 Iron pan Cemented by iron oxides, analogous to ferricrete. 
 Carbonate pan Cemented by calcium and magnesium carbonates 
analogous to travertine, calcrete. 
 Clay pan Concentrations of dense clays. 
Reticulite Cemented to weakly cemented loamy sand to sandy clay loam exhibiting a 
network of voids and channels. Sesquioxides are the main cementing 
agents.  
Segregations A soft to hard accumulation of minerals that have formed within the soil by 
the precipitation of cementing compounds. Some forms of segregation are: 
concretions, nodules and crystals. 
Soil horizon A layer of soil that is distinguished by the degree of alteration brought about 
by soil formation factors. Letters, e.g. A, B, C and D designates soil 
horizon. 
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Soil units Groupings of soils occurring in the landscape. They should: 
 • contain soils with similar chemical and physical properties; 
 • be sufficiently different to justify their separation at the published map 
scale; 
 • meet the specified objectives of the soil survey. 
Structure The term relates to the arrangement of soil particles. Structured soils have 
soil particles orderly arranged in a recognisable shape. The forms are: 
crumb, granular, polyhedral, blocky, platy, columnar and prismatic. 
Texture Soil texture is determined by the proportion of sand, silt and clay content. 
The descriptive terms fine, medium and coarse refer to the sand particle 
size, that is: 
 coarse sand—2 mm–0.6 mm 
medium sand—0.6 mm–0.2 mm; and 
fine sand—0.2 mm–0.02 mm. 
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Appendix A: Soil profile descriptions 
Site No.: 1) 523191mE; 6286842mN 
Soil type: Grey deep sandy duplex 
EM: 43/25 
Soil sample: GW1 
Profile morphology 
Horizon Depth (cm) Description 
Ap 0–15 Very dark greyish brown (10YR3/2) humic weak loamy sand; apedal, sandy 
fabric; dry; pH 5.0. EC:48mS/m. Clear boundary to 
A2 15–40 Light yellowish brown (10YR6/3–6/4) weak loamy sand; apedal; moderately 
moist; pH 6.0. EC:3mS/m. Gradual boundary to 
A3 40–50 Brownish yellow (10YR6/6) loamy sand; moderately moist; pH 8.0–8.5. 
EC:65mS/m. Diffuse boundary to 
B2 50–90 Brownish yellow (10YR6/8) with red and light grey mottles sandy clay; 
moderately moist; pH 6.0–6.5. EC:10mS/m.  
Comment: Productive stand of Tall wheat grass and Rhodes grass including saltbush and 
puccinellia. 
Site No.: 2) 523202mE; 6286611mN 
Soil type: Alkaline grey deep sandy duplex 
EM: 173/135 
Soil sample: GW2 
Profile morphology 
Horizon Depth (cm) Description 
Ap1 0–15 Dark brown(10YR3/3) humic clayey sand; apedal, massive, sandy fabric; dry; 
pH 5.5. EC:220mS/m. Abrupt boundary to 
A2 15–30 Dark yellowish brown (10YR4/4) weak loamy sand; apedal, sandy fabric; 
moderately moist; pH 6.5–7.0. EC: 61mS/m. 
B2 30–50 Light brownish grey (10YR6/2) with many brownish yellow mottles light medium 
clay; massive, dry to moderately moist; pH 8.5. EC:165mS/m. Abrupt boundary to 
2A1 50–70 Brownish yellow (10YR6/8) with light brownish grey and dark mottles (buried 
surface horizon) light sandy clay loam to sandy clay loam containing 
siliceous and ironstone segregations; massive, weakly cemented, dry; pH 8.5. 
Abrupt boundary to 
2B2 70–90 Light brownish grey (2.5Y6/2) with many brownish yellow mottles medium clay; 
massive, compact, dry; pH 8.5–9.0. EC:95mS/m. Abrupt boundary to 
Comment: Productive mix of tall wheat grass and saltbush species, saltbush species are 
dominant. 
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Site No.: 3) 523202mE; 6286443mN 
Soil type: Grey deep sandy duplex 
EM: 100/70 
Profile morphology 
Horizon Depth (cm) Description 
Ap 0–15 Very dark brown (10YR2/2) loamy sand; apedal, sandy fabric; dry; pH 5.5. 
EC:125mS/m. Clear boundary to 
A2 15–40 Brown (10YR5/3) coarse sand; apedal; sandy fabric, moderately moist; pH 6.5. 
EC:15mS/m. Gradual boundary to 
B21 40–90 Light brownish grey (10YR6/2) with abundant brownish yellow and few red 
mottles sandy clay loam to sandy clay; moderately moist; pH 7.5–8.0. 
EC:35mS/m. Diffuse boundary to 
B22 90–100 Grey (2.5Y5/1) with few brownish yellow mottles medium clay; moderately moist; 
pH 7.5. EC:70mS/m.  
Comment: Mix of salt tolerant species including Acacia saligna, puccinellia, Rhodes grass. 
Salt bush species less productive in relation to Site 2. 
Site No.: 4) 523235mE; 6286249mN 
Soil type: Alkaline grey shallow sandy duplex 
Soil sample: - 
Profile morphology 
Horizon Depth (cm) Description 
Ap 0–10 Dark brown (10YR3/3) loamy sand; apedal, earthy fabric weakly coherent; dry; 
pH 5.5. EC:190mS/m. Clear boundary to 
A2 10–25 Brown (10YR5/3–5/4) weak loamy sand; apedal; earthy fabric, , compact, 
moderately moist; pH 5.5. EC:90mS/m. Sharp boundary to 
B21 25–70 Pale brown (10YR6/3) with abundant brownish yellow mottles light clay; 
moderately moist; pH 8.0–8.5. EC:136mS/m. Diffuse boundary to 
B22 70–90 Light brownish grey (10YR6/2) with common brownish yellow mottles light 
medium clay; moderately moist; pH 9.0. EC: 150mS/m.  
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Site No.: 5) 523106mE; 6286643mN 
Soil type: Alkaline grey deep sandy duplex 
EM: 250/260 
Profile morphology 
Horizon Depth (cm) Description 
Az 0–1 Salt crust 
Ap 1–10 Very dark brown (10YR2/2) humic clayey sand; apedal, earthy fabric weakly 
coherent; moderately moist; pH 6.0. EC:900mS/m. Clear boundary to 
A2 10–30 Yellowish brown (10YR5/4) medium to coarse sand; apedal; earthy fabric, 
compact, moderately moist; pH 7.0. EC:240mS/m. Sharp boundary to 
B21 30–50 Grey (2.5Y6/1) with few brownish yellow mottles sandy to silty clay; moderately 
moist; pH 7.0. EC:220mS/m. Abrupt boundary to 
B22 50–70 Brownish yellow (10YR6/8) with common brownish yellow mottles light medium 
clay; moderately moist; pH 8.5. EC: 220mS/m. Abrupt boundary to 
B23 70–90 Grey (2.5Y6/1) with few brownish yellow mottles sandy clay loam to sandy clay; 
moderately moist; pH 8.5–9.0. EC:135mS/m. 
Site No.: 6) 522950mE; 6286834mN 
Soil type: Grey deep sandy duplex 
EM: 155/108 
Profile morphology 
Horizon Depth (cm) Description 
Ap 0–10 Very dark brown (10YR2/2) humic loamy sand; apedal, sandy fabric; moderately 
moist; pH 5.5. EC: 280mS/m. Clear boundary to 
A2 10–50 Brownish yellow (10YR6/6) medium to coarse sand; apedal, sandy fabric, 
moderately moist; pH 7.0. EC:56mS/m. Abrupt boundary to 
B2 50–90 Light brownish grey (10YR6/2) with brownish yellow mottles fine sandy clay; 
moderately moist; pH 8.5. EC:80mS/m.  
Comment: Low sandy mound. Patchy stand of kikuyu and wavy leaf saltbush. 
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Site No.: 7) 522796mE; 6286931mN 
Soil type: Alkaline grey shallow sandy duplex 
EM: 225/180 
Profile morphology 
Horizon Depth (cm) Description 
Ap 0–10 Very dark brown (10YR2/2) loamy sand; apedal, sandy fabric weakly coherent; 
dry; pH 6.0. EC:360mS/m. Clear boundary to 
A2 10–20 Brown (10YR5/3) with few brownish yellow mottles medium to coarse sand; 
apedal; sandy fabric, compact, moderately moist; pH 5.5–6.0. EC:40mS/m. Sharp 
boundary to 
B21 20–70 Light brownish grey (2.5Y6/2) with few brownish yellow mottles fine sandy, light 
medium clay; moderately moist; pH 5.5–6.0. EC: 95mS/m. Diffuse boundary to 
B22 70–90 Light olive grey (5Y6/2) with common red mottles light medium clay; moderately 
moist; pH 8.5. EC: 125mS/m.  
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Appendix 2. Soil map 
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Appendix 3. Soil analysis 
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Report scope 
The scope of this report is to outline hydrological processes occurring at the Sustainable 
Grazing on Saline Lands (SGSL) site on Graydn Wilcox’s property on the Robinson Road in 
the Shire of Woodanilling. The report will outline landscape characteristics, geology, 
hydrology and hydrogeological processes and suggest sites for observation wells. 
Site visit 
A site visit was conducted by Jane Kowald (author) on Tuesday, 13 November 2007. 
SGSL works proposed/completed 
The 20 ha site was planted a mix of acacia, saltbush, kikuyu, sub-tropical grasses, tall wheat 
grass and puccinellia in October 2005. It is planned to be a grazing trial in 2008 (JP Collins, 
pers. comm.). 
A reconnaissance project completed in the area called the Woodanilling Shire Snap Project 
involved the Department of Agriculture finding bores drilled in the shires of Woodanilling, 
Kojonup and West Arthur (Figure 1). Later work by Don Bennett found these bores were 
mostly drilled in valley floors to shallow depths and had not been monitored regularly enough 
to be useful for any analysis (D Bennett, pers. comm.). 
Site history 
A site history was collected verbally, using a questionnaire form, from Gradyn Wilcox and 
Brian Cummings (previous owner) by JP Collins of the Department of Agriculture and Food, 
Western Australia. The following is taken directly from the questionnaire. 
Original vegetation: Whitegum, yate, jam wattle, flooded gum. 
Approximate date of clearing: 1960s. 
When did salt first start appearing? Always saline. 
Rate of spread (rapid, slow, etc.): Slow. Salt fairly stable. 
Direction of spread: Always stable. 
Significant events since clearing (e.g. flood, drought, etc.): Nothing. 
When was the site last cropped? Never. 
What’s been previously tried on the site? Puccinellia. 
Fertiliser history of site: Straight super (100 kg/ha) every 2nd year. 
Other notes: 
• 400 mm rainfall 
• Previous owner used to run 400 wethers in summertime on the 120 ha site 
• Covered in dead trees 
• Originally bought in 1979 off Withams 
• Sold in to Graydn Wilcox in 2004 
• Quite bad when Brian (original owner) bought it 
• Good soaks 
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• Grazed in winter/spring 
• Lots of Puccinellia—18 inches high in some areas 
• Sheep on site in March, pull off in spring 
• Russell Thomson (neighbour) reckoned block has improved 
• Graydn Wilcox bought the whole farm—2400 acres 
• Soaks go down in summer, would start to rise in February (might be pull of the moon) 
Site characteristics 
Location and land use 
The site is situated on the northern side of Robinson road, about 16.5 km west of the 
Woodanilling townsite (Figure 2). The SGSL site is part of the property owned by Graydn 
Richard Wilcox of Douglas road, Woodanilling, Western Australia. 
The area around the trial site has been used for grazing and supports a barley grass pasture. 
The site has been planted to a mix of pasture species (see SGSL works 
proposed/completed) since October 2005. Uptake of these species is good except for in the 
north-eastern corner of the site. The paddock to the east of the SGSL site is currently under 
an oat crop.  
Climate 
The climate is Mediterranean with hot, dry summers and cool, wet winters. The mean daily 
maximum temperatures for January are 30°C at Wagin and Katanning, and in July they are 
15.5°C at Wagin and 14.6°C at Katanning. The mean daily minimum temperatures range 
from 14°C in February at Wagin and 13°C at Katanning, to 5°C in August at Wagin and 
Katanning (Climate statistics for Australian locations n.d.). 
The average annual rainfall at Wagin is 435 mm and 478 mm in Katanning. The highest 
monthly mean rainfall occurs between May and September coinciding with the winter pattern 
of cold fronts with peak rainfall events occurring in June and July. Thunderstorms in January 
and February have delivered the highest recorded daily rainfall of 142 mm in Wagin, 125 mm 
in Katanning. The lowest recorded daily rainfall has occurred in September of 32 mm in 
Wagin and 37 mm in Katanning (Climate statistics for Australian locations n.d.). 
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Figure 1 SGSL site and proposed observation well locations. 
Winter rainfall has decreased substantially in the southwest of Western Australia since the 
mid-20th century. It decreased sharply and suddenly in the mid-1970s by about 15–20 per 
cent. The rainfall decrease is mostly observed in early winter (May-July) (Climate variability 
and change in south west Western Australia 2002, iii). Average rainfall in Wagin has declined 
from 435 mm (1891–2007) to 429 mm (1971–2000) and in Katanning rainfall has declined 
from 478 mm (1891–2007) to 465 mm (1971–2000) (Climate statistics for Australian 
locations n.d.). 
The average annual evaporation from a free water-surface is about 1500 mm for the SGSL 
site (Climate statistics for Australian locations n.d.). 
Physiography 
The site is located on part of the Darling Plateau which is part of the Great Plateau of 
Western Australia (Chin and Brakel 1986, 3). An extensive cover of lateritic soil formed 
during the Late Cretaceous and Tertiary (65 million years ago to now) and these soils have 
since been eroded forming undulating landscape with broad valleys. An extensive 
palaeodrainage network is preserved in the valley flats which were developed during the Late 
Cretaceous (65–98 million years ago). 
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Figure 2 Location Map of SGSL site on Wilcox’s property. 
The site is located on the broad valley flat of Boyamine Creek which flows into ‘Kidney 
Swamp’ (located in the corner of Reshke and Douglas Road). This then flows into Beaufort 
River East, which becomes Beaufort River and eventually flows into the Blackwood River. 
Kidney Swamp is at an elevation of less than 250 mAHD (Average Height Datum) and is 
near the end of the Wagin Lakes system. Wingedine Soak lies about two kilometres south of 
Kidney Swamp. There are number of hills that surround the site. Haycocks Hill lies about 
10 km to the north-northeast and is over 340 mAHD, Mine Hill stands 371.6 mAHD and is 
about 10 km to the northeast, Strathmore Hill (part of the Hemstead Hills) lies about 10 km to 
the southeast and is 356.3 mAHD and Kenine Hill is about 8 km southwest of the site and 
stands at over 369 mAHD. 
The SGSL site has an elevation of about 248 mAHD with a fall of about 0.13% (1 m fall in 
750 m) towards the northwest into Kidney Swamp. 
Soils 
The site is located within the Norring 1 and Norring 2 Subsystems within the Zone of 
Rejuvenated Drainage (Percy 2000). Smolinski (2007) found both shallow and deep sandy 
duplex soils on the SGSL site, with the deep sandy duplex most commonly occurring. 
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Geology 
Achaean granites and Proterozoic dykes 
The entire site is underlain by Achaean (4560 to 2500 million years old) granitoids which is 
part of the Western Gneiss Terrain and forms part of the Yilgarn Craton. Most bedrock in the 
area consists of granites and adamellites and show low- to medium-grade metamorphism 
(Chin and Brakel 1986) (Figure 3). These rocks have been weathered for a long period of 
time and have formed a sedimentary cover of Tertiary deposits (being eroded now) and 
Quaternary deposits (still being deposited from the breakdown of both the older sedimentary 
cover and Achaean bedrock) (Chin and Brakel 1986). 
Dolerite dykes are present in the area (although not shown in Figure 3) that trend in a 
east-north-easterly or a north-westerly direction. Dolerite dykes are present within the 
Strathmore Hills and Kenine Hills near the SGSL site and appear as linear ridgelines or lines 
of rock outcrop through paddocks. There is a general spatial association between salinity in 
valley floors and dykes which strike across catchments (Engel, McFarland and Street 1987) 
(Smith et al. 1998). 
Late Tertiary-Quaternary surficial deposits 
These sediments comprise of colluvium and alluvium. Colluvium is present as a cover on 
weathered bedrock and consists of gravel, sand, silt, clay and a mixture of these. Sequence 
thickness is topographically dependant where thicker sections are expected in hallows and at 
the foot of slopes. Alluvium comprises of clay, silt and sand and has accumulated in 
response to periodic flow of streams following heavy rain events (DeSilva et al. 2000). 
Laterite (Czl) forms an undulating capping over granitic rocks of the Darling Plateau and has 
been developed in situ by weathering of basement rock. Underneath the laterite capping is a 
soft kaolinised zone which is susceptible to erosion. This susceptible zone can form 
distinctive low breakaways and benched slopes (Chin 1986). Small deposits of sand 
overlying the laterite (Czs) are related to ancient drainage courses (Wilde and Walker 1982). 
Alluvium (Cza) is also present within palaoedrainages and is identified as a flat surface on 
valley floors on which the rivers and lake systems have been developed. Recent alluvium 
(Qa) are found in the upper portions of the valleys flanking the main palaeodrainage valleys 
(Chin 1986). 
Lakes occur above older alluvium in palaeodrainage valleys where the drainage is ponded. 
Sediments comprised of silt and clay (Ql) are deposited after heavy rainfall events. 
Evaporation concentrates salts in the lake bed and within the deposited sediments and 
gypsum crystals form in the mud. During dry periods a salt crust forms over the sediments. 
Quartz sand dunes (Qd) commonly occur on the eastern and south-eastern sides of playa 
lakes. These dunes are thought to have been formed during a more arid period 15 000 to 
20 000 years ago when west-north-westerly to north-westerly winds were common (Chin 
1986). 
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Figure 3 Geology Map of SGSL site (adapted from Chin and Brakel 1986). Please note the  
scale of mapping is 1:250 000 and is not to be used at farm scale interpretation. 
Hydrogeology 
There are two aquifer types present near and on the site (Figure 4) surficial sediment 
aquifers and weathered rock aquifers. Surficial sediment aquifers include alluvial and 
perched aquifers, while weathered rock aquifers include saprock and fractured rock aquifers. 
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Figure 4 Hydrogeology of the SGSL site (adapted from DeSilva et al. 2000). Please note  
the scale of mapping is 1:250 000 and is not to be used at farm scale interpretation. 
Surficial aquifers 
Sand-rich alluvial sediments release water (act as aquifers), while clay-rich sediments either 
hold water or may act as a barrier to groundwater flow. Alluvial aquifers are found in broad 
valley floors in the Arthur River and are associated with water logging thorough winter. They 
form local aquifers (processes of recharge and discharge occur within 2 km of each other) 
and are low yielding. Capillary rise from valley floors is the most common form of discharge 
from these aquifers (Mathwin 2005, 11). 
Perched aquifers may occur where there is a clay hardpan below a sandier surface cover, or 
in sand dunes along the river bank (Figure 5). Recharge occurs as rainfall infiltration and 
where the surficial aquifer is thin saturation is quickly reached and runoff occurs. 
Weathered basement aquifers 
Disintegration of the bedrock produces a friable zone just above the fresh rock that contains 
economic yields of groundwater and is called the weathered basement or saprock aquifer 
(George 1991). The saprock aquifer is a local aquifer that is generally 0.5 to 5 m thick. It 
underlies nearly all of the area unless it has been removed by erosion (near bedrock 
outcrops and beneath the deepest section of sedimentary valleys) (Kowald 2005). 
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Figure 5 Position of different aquifer types within the Study Area and their relationship  
with the geology and soil-landscape systems (Mathwin 2005, 11). 
Weathered basement aquifers also include discharge from break of slope, discharge over 
dolerite dykes, shear zones or bedrock highs, where geological structures and conditions 
cause discharge close to the point of recharge (George, McFarlane and Nulsen 1997). 
Fractured rock aquifers are formed when structures such as dykes, faults and shear zones 
create enhanced sets of fractures within unweathered bedrock. The amount of groundwater 
they release depends on the fracture density, width, orientation and degree of connectivity. 
Water-well drillers records and mine site records are the predominant source of evidence of 
deep fractures (Mathwin 2005). 
Salinity 
The SGSL site is has fresh soils in the north-eastern section of the paddock with salinities 
ranging from 3 to 65 mS/m (Management Class A) (Smolinski 2007). The rest of the site is 
moderate to highly saline with salinities up to 900 mS/m. Smolinski (2007) found that the 
topsoil is high to extremely saline. 
The salt within the soil profile has originated from the ocean and the annual deposition rate 
ranges from about 100 kg/ha near the coast to about 20 kg/ha inland (George, McFarlane 
and Nulsen 1997, 8–9). George, McFarlane and Nulsen (1997, 9) said that all the salt stored 
within the hillslopes and palaeodrainages in low-rainfall wheatbelt areas could have 
accumulated in between 13 000 and 500 000 years. 
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Clearing of native vegetation and replanting with annual crops and pastures has unbalanced 
the water cycle. This has increased water runoff and recharge resulting in the rise of 
ground-watertables (George, McFarlane and Nulsen 1997, 10). As the watertable rises, 
some salts stored within the weathered soil material are mobilised. 
Salts can accumulate in the topsoil by root uptake of water and capillary rise as the 
groundwater nears the surface. Evaporation concentrates the salts at the soil-surface and 
salinity levels exceed those that plants can tolerate (Figure 6). 
Waterlogging can also cause topsoil to become saline. When ponded water evaporates and 
salts are left behind. Over time, and many episodes of ponding and evaporation, the salts 
can accumulate until the topsoil is too salty to support plant life. 
Bore records for the Norring soil-landscape system show watertables can be between 5 m 
beneath the surface to 0.3 m above the surface with salinities ranging from 40 mS/m to 
6630 mS/m (Mathwin and Kowald 2005). It was found that there is not enough long term 
bore records to determine any rising or falling watertable trends. 
 
Figure 6 Diagrammatic representation of capillary rise (George, McFarlane and Nulsen 1997, 11). 
Observation wells 
Purpose 
The observation wells will be used to provide site specific information about the groundwater 
of the site (pH, EC and groundwater levels) and a better understanding of the hydrology. 
They should be used to define the hydrologic parameters of saltland species by measuring 
plant growth rates and Feed On Offer (FOO), etc.  
Suggested location 
Hydrologic parameters are unlikely to change over a short distance. It is suggested that one 
observation bore is placed in each major soil type and in each treatment (Figure 1). Fixed 
sites will need to be negotiated with the landholder. 
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Report scope 
This document reports on drilling undertaken on the Sustainable Grazing on Saline Lands 
(SGSL) site on Graydn Wilcox’s property on the Robinson Road in the Shire of Woodanilling, 
as part of the SWCC funded project ‘Assisting farmers in adapting to salinity’. The report will 
describe drilling methods and report on site profile, groundwater tables and groundwater 
quality. 
Drilling specifications 
Drilling was completed by Richardson’s Drilling of Katanning. Mr Adrian Richardson 
completed the driller’s field logs at the time of drilling. 
Drill site selection 
Sites for piezometers were selected by J Kowald (2007) (Figure 1) based on SGSL 
treatments and soil types. Site SWC 001 08 is the southern most site, site SWC 002 08 is the 
eastern most site and site SWC 003 08 is the north-western site. 
 
Figure 7 Observation bores sites (Kowald 2008). 
Drilling methods 
Richardson’s Drilling has a trailer mounted auger drilling rig (Figure 2), using a 90 mm drill 
bit. 
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Figure 8 Richardson's Drilling trailer mounted auger drilling rig. 
Monitoring bore construction 
An end cap is placed on the bottom of a 1.5 m section of machine slotted PVC pipe for the 
screened section of each monitoring bore. This is joined onto a plain PVC pipe section that 
sticks up above ground level. The screened section is filled in with blue metal, a bentonite 
plug is put at the top of the screened section and then the hole is backfilled to the surface 
with drilling material. 
Groundwater monitoring and sample analysis 
Groundwater levels and electrical conductivities (EC) were measured immediately after 
drilling. Groundwater levels were monitored again on 21/2/08. Soil samples were taken at 
1 m intervals and analysed for soil EC1:5 and pHCaCl2. 
Results 
Regolith descriptions 
The top half metre in every location consisted of a sandy top soil. Two of the sites 
(SWC 001 08 and SWC 002 08) had a hard layer at about 1.5 m which may act as a very 
local perched aquifer system. Below this hard layer was clay, varying from tan to orange to 
red in colour. The third hole was sand on top with clay beneath to 4.2 m. 
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Groundwater data 
Groundwater level 
Table 1 Water levels from observation bores 
Date SWC 001 08 SWC 002 08 SWC 003 08 
20/02/08 -2.5 -3.0 -2.5 
21/02/08 -1.57 -1.34 -1.22 
Groundwater Electrical Conductivity (EC) 
Table 2 Electrical conductivities taken from observation bores immediately after drilling (20/2/08) 
 SWC 001 08 SWC 002 08 SWC 003 08 
EC in mS/m 200 450 580 
Where 250 mS/m is suitable for human consumption and 1650 to 2200 mS/m 
is suitable for adult sheep. 
Profile data 
Soil was collected at lithological changes at the driller’s discretion for analysis. Analysis was 
carried out by Emma Evans in the Department of Agriculture and Food’s laboratory in 
Katanning. 
Soil preparation followed these steps: 
1. Grind dry samples to pass through a 2 mm sieve. 
2. Place 10 g of soil in a clean jar. 
3. Add 50 mL of distilled water for EC1:5 readings, or 50 mL of CaCl2 for pH readings. 
4. Shake for 60 minutes. 
5. Measure using calibrated EC/pH meter (recalibrated after every 3–5 readings). 
EC1:5 readings were converted to ECe readings following the equation from George and 
Wren (1985) in Moore (2001). 
Profile EC 
Table 3 shows the measured soil salinities from the observation bores. The colours in the 
ECe column correlate to the salinity level of the soil (Table 4). SWC 001 08 is fresh at the top 
of the profile, grading to slight then moderate salinity. SWC 002 08 does the same but 
grades to extreme salinity at 4 m. SWC 003 08 has extreme salinity at the top of the all the 
way through the profile. Figure 3 shows a graphical representation of ECe against depth. 
Please not that the 1 m reading from SWC 003 08 has been omitted because of its very large 
number. This may be an error in analysis but the remaining sample was disposed of before 
another test could be run. 
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Table 3 ECe soil analysis data from Wilcox's site 
Bore number Depth (m) EC1.5 (mS/m) ECe (mS/m) 
Top 10.4 151.42 
1 25.3 204.65 
2–3 45.0 364.00 
SWC 001 08 
5 87.7 709.4 
1 9.32 135.7 
2 29.9 241.86 
3 34.9 282.30 
SWC 002 08 
4 191.0 1544.98 
1 572.0 8328.32 
2 127.2 1028.91 
3 119.0 938.31 
SWC 003 08 
4 236.0 1908.98 
Table 4 Crop and pasture soil salinity tolerance (Soil and Water Salinity Calculator, Department of 
Agriculture, Western Australia) 
ECe range 
(mS/m) Soil salinity Examples of crop/pasture growth 
0–200 Fresh Chickpeas, Field peas, Medic, Serradella, Strawberry clover 
200–400 Slight Barley, Canola, Faba beans, Lucerne, Lupins, Oats, Rye, Sub clover, Wheat 
400–800 Moderate Balansa clover, Barley, Millet, Paspalum, Sorghum, Tall wheat grass 
High to Extreme > 800 Barley grass, Bluebushes, Puccinellia, Saltwater couch, Saltbushes 
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Figure 9 Graph of depth from surface and ECe (mS/m). 
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Profile pH 
The soil pH’s vary with SWC 003 08 being less acidic than the other two bores. In all three 
sites, the top 1 metre is more acidic than the rest of the profile (Table 5 and Figure 4). As the 
topsoil pH is < 4.8 in SWC 001 08 and SWC 002 08, an application of lime would be 
advantageous to maximise nodulation and productivity of the annual legumes. 
Table 5 Soil pH from observation bores on Wilcox's site 
Bore number Depth (m) pH(CaCl2)1:5 
Top 4.6 
1 4.94 
2–3 6.12 
SWC 001 08 
5 6.11 
1 4.39 
2 6.87 
3 6.2 
SWC 002 08 
4 5.73 
1 5.57 
2 6.29 
3 5.78 
SWC 003 08 
4 6.93 
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Figure 10 Graph of depth from surface and pH (CaCl)1:5. 
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Saltland Pastures – Revegetation Projects 
Site location: Beaufort Flats – Part 1 
Name: Graydn WILCOX 
Does it pay? 
– Commentary on the $ costs and benefits for this site. 
Description: 
The 120 ha paddock alongside Robinson Rd was purchased by Wilcox in 2003 and was 
already a flat waterlogged saline site with a shallow watertable and consisted of bare salt 
scalds and barley grass—with a small area of puccinellia. Previous owner recalls the area 
was only able to carry around 400 wethers for a few months in summer. Wilcox decided on a 
revegetation strategy of saltbushes and an understorey of perennials supported by a later 
introduction of an annual pasture specie mix. The motivation emanated from successful trial 
sites in the area and to develop summer/autumn fodder reserves to reduce hand feeding of a 
9 000 sheep flock. The whole farm consists of around 1200 ha of similar salt-affected land 
plus around 1200 of arable land—of which about 50 per cent is cropped. 
An existing W-drain isolated a 20 ha piece of milder saline land which was subdivided into 
four smaller areas of 5 ha each for a ‘cell-grazing’ approach to management. DAFWA 
provides significant financial and advisory support to the demonstration. Wilcox suggests that 
without such support, he probably would have scaled back to 10 ha paddocks and utilised an 
existing water supply rather than put in the production bore. 
A. What are the cash COSTS of revegetating this 20 ha site? 
When Activity Cost 
March 2005 Site cleanup and EM38 survey $500 
September 2005 Site preparation—knockdown spray + 2x cultivations $1 220 
October 2005 Seeding (5 kg/ha)—Evergreen mix + TWG + Kikuyu + Agflow 
80 kg/ha 
$2 773 
October 2005 Saltbush—contract mounding and seeding + Insect control 
(November) 
$4 240 
March 2006 Topdress 10 kg/ha BallSalina pasture + 150 kg/ha super:potash 
3:1 
$1 805 
February 2008 Production bore + solar pump $13 457 
March 2008 Water supply—2x tanks, poly pipe, 3x troughs $10 175 
March 2008 Fencing 1.4 km—materials and erection $6 440 
 Total $40 610 
($1 784/ha)
Revegetation costs are site specific. The costs (excluding fencing and water supply) in a 
similar period 2005–2007 across 21 wheatbelt SGSL Producer Network sites ranged from 
$77/ha up to $787/ha—with an average $324/ha. This site at $522/ha is at the upper end of 
that range. 
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B. Will future improved production recoup the development expenses? 
Assumptions: 
• Most farmers with small areas of saltland pastures use it to help fill the autumn feed 
gap. A proxy ‘feed costs saved’ value is used to value grazing. This is the approximate 
normal cost of a grain + hay maintenance diet if the sheep were held in a feedlot over 
the autumn period—and is equivalent to around 10 cents per head per day. When hay 
and grain prices were very high in 2006, a sheep grazing day was valued at 20 cents. 
• The integrated whole farm implications of perhaps being able to carry more sheep on 
the farm, perhaps crop more hectares, and benefits to autumn deferment of annual 
pastures could have added value—on top of the feed costs saved. 
• Carrying capacity of this site was recorded in 2008 when 150–250 wethers spent three 
months rotating through the 5 ha paddocks with minimal supplementation = 666 sheep 
grazing days per ha. Weighing and condition scoring indicated the animals maintained 
bodyweight and condition for the duration. In 2009, grazing almost doubled—1 185 
sheep grazing days per ha was achieved. With consolidation of the site, it is expected 
that 1 200 sheep grazing days per ha should be achievable in future years. 
• The above assumptions were subjected to a 10-year discounted cash flow investment 
analysis. 
Economic analysis results 
There are many assumptions in producing the results below—different assumptions will 
produce different results. 
• Discount rate to obtain present values = 6% 
• 1 200 sheep grazing days per ha per year from 2010 on 
• Minor infrastructure costs—water supply ($1 500) and fencing ($3 000) 
 Time period of analysis 
 10 years 20 years 
Time taken to recover development costs nil 12 years 
Benefit:Cost Ratio* 0.78 1.46 
* BCR > 1 = profitable; BCR < 1 = not profitable. E.g. BCR = 1.46 means $1 is invested to receive the 
equivalent of $1.46 in return (all discounted to 2005 values). 
Break evens 
Because future grazing production from the site is uncertain and assumptions have been 
made, it is useful to calculate what returns are needed over each 10 or 20 year period to 
break even on the development costs. 
 Time period of analysis 
 10 years 20 years 
Sheep grazing days per ha per year required (from 2010) 1 700 742 
1200 grazing days/ha/yr can pay off a development cost of $385/ha $800/ha 
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Comment 
There has been very good establishment of saltbush and perennials (especially Rhodes 
grass and TWG and kikuyu) at this site which should provide excellent water use and 
possible drawdown of the watertable. 1200 sheep grazing days per ha should be achievable, 
based on sites elsewhere of similar pasture density—and 2009 grazing results. $10/ha per 
year has been allocated as the maintenance cost to the pasture (e.g. fertiliser applications, 
insect control). 
Revegetating saltland and pasture improvement can be likened to purchasing adjoining 
pasture land—albeit a special type of pasture. In effect this site has ‘purchased’ grazing land 
for around $522 per ha (without infrastructure costs). Valuer Generals Office records average 
land values for 2005 of around $1850/ha for Woodanilling West. Mildly saline land would, 
however, be valued less than this. 
Prepared by: Allan Herbert – Department of Agriculture. October 2009. 
Please note: In preparing the above analysis, grant monies for the project have been 
disregarded and the farmer’s time spent on the site has only been costed at contract rates for 
each operation. Any taxation implications of the expenditures and incomes have not been 
considered. 
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Appendix 6b. Economics report (Part 2) 
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Saltland Pastures – Revegetation Projects 
Site location: Beaufort Flats – Part 2 
Name: Graydn WILCOX 
Does it pay? 
– Commentary on the $ costs and benefits for this site. 
Description: 
Part 1 of this 120 ha project provided a whole-of-site description and how the infrastructure 
(water supplies, fencing) was introduced. It also outlined how a 20 ha section (4 paddocks of 
5 ha each) was established in 2005 to direct seeded saltbush and understorey pasture 
species—both annual and perennial. Cost of establishment was $522/ha (excluding the cost 
of infrastructure). Subsequent grazing records indicated that, after a slow buildup in the first 
three years, the 20 ha site was capable of carrying around 1200 sheep grazing days per ha 
with minimum supplementation. The 15-year Benefit Cost ratio was 1.17 and the payback 
period for the initial site costs was 12 years. 
In 2008, another 23 ha of salt affected land was established to cuttings of Eyres Green Giant 
old man saltbush with no understorey. Grazing of the site in 2009 provided an early 
comparison with the existing 20 ha of direct seeded saltbush + understorey. 
A. What are the cash COSTS of revegetating this 23 ha site? 
When Activity Cost 
March 2005 Site cleanup and EM38 survey $500 
June 2008 Site preparation—knockdown spray $506 
July 2008 Rip and mound (twice)—5 lines @ 1 m spacings with 5 metre alleys $2 070 
July 2008 10 000 cuttings Eyres Green Giant saltbush @ 33 cents/cutting $3 300 
July 2008 Plant cuttings—hire tree planter + 2 people $600 
 Total $6 476 
($307/ha) 
Revegetation costs are site specific. The costs (excluding fencing and water supply) in a 
similar period 2005–2007 across 21 wheatbelt SGSL Producer Network sites ranged from 
$77/ha up to $787/ha—with an average $324/ha. This site at $307/ha is near the mid-point of 
that range. 
B. Will future improved production recoup the development expenses? 
Assumptions: 
• Most farmers with small areas of saltland pastures use it to help fill the autumn feed 
gap. A proxy ‘feed costs saved’ value is used to value grazing. This is the approximate 
normal cost of a grain + hay maintenance diet if the sheep were held in a feedlot over 
the autumn period – and is equivalent to around 11 cents per head per day. When hay 
and grain prices were very high in 2006, a sheep grazing day was valued at 20 cents. 
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• The integrated whole farm implications of perhaps being able to carry more sheep on 
the farm, or crop more hectares, and benefits to autumn deferment of annual pastures 
could have added value – on top of the feed costs saved. 
• Carrying capacity of this site was recorded in 2009 when 326–366 weaner wethers 
spent a total 2 months on the 2 paddocks of 13 ha and 10 ha. Due to only minimal 
understorey, higher supplementation (with hay) was necessary. The sheep were 
actually left on these paddocks for about 1 week too long hence grazing capacity of the 
site was estimated back to 880 sheep grazing days per ha. 
• It was assumed that the site is capable of carrying 880 sheep grazing days per ha per 
year thereafter. It may increase as the site consolidates and the saltbush becomes 
more firmly established, but it might decrease due to plant decline for a wide range of 
reasons. Grazing records in future years will provide confirmation. 
• The above assumptions were subjected to a discounted cash flow investment analysis 
in comparison with an un-revegetated area of saltland – also where grazing capacity 
and supplements fed were recorded. This ‘control’ area recorded 510 sheep grazing 
days per ha when supplemented at 6 cents/head/day. 
Economic analysis results 
There are many assumptions in producing the results below—different assumptions will 
produce different results. 
• Discount rate to obtain present values = 6% 
• 880 sheep grazing days per ha per year from 2010 on 
• Nil infrastructure costs 
 Time period of analysis 
 10 years 15 years 
Time taken to recover development costs 6 years 6 years 
Benefit:Cost Ratio* 1.09 1.37 
* BCR > 1 = profitable; BCR < 1 = not profitable. E.g. BCR = 1.09 means $1 is invested to receive the 
equivalent of $1.09 in return. 
Comment 
The opportunity is presented to compare the 23 ha Eyres Green paddocks with the 20 ha of 
direct seeded + understorey plots. The four important parameters are: 
 Establishment cost 
Grazing capacity 
(sheep grazing days/ha) 
Supplementation 
provided 
(oats, hay) 
Years to full 
production 
Eyres Green 
saltbush only $307/ha 880 sgd/ha 6 cents/head/day 1 year  
Direct seeded 
saltbush + 
understorey 
$522/ha 1200 sgd/ha 3 cents/head/day 4 years* 
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It is understandable that the Eyres Green site is ‘more profitable’ (payback period 5 years viz 
12 years) than the Direct Seeded + Understorey site because despite a 30% lower grazing 
capacity and double the supplementation costs, it is servicing a much reduced establishment 
cost and full grazing is available quicker. *The Direct Seeded + Understorey site had delayed 
grazing due to the fencing and water supplies not being installed—as well as the need for 
deferment while the oversown pasture mix in the second year became fully established. 
The comparison needs to be viewed with caution. There has only been one year of grazing 
from the Eyres Green plots after establishment in the previous year. There is also no account 
taken of either the owner’s time spent on the sites, the variability in the cost of supplementary 
feeds, nor the possibilities for associated benefits to the rest of the farm of having a ‘feedlot’ 
available over the autumn period. 
Prepared by: Allan Herbert – Department of Agriculture. October 2009. 
 
